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(57) Abstract 

j The present invention relates to the 

: development of novel multi-functional 
i proteins (MFPs) of the formula: 
R1-L1-R2, R-2-Li-Ri, R1-L1-R1, R1-R2. 
R.2-R1. or R,-Ri where R; is angiostat;n. 
R2 is selected from endostatin, human 
type I interferon, thrombospondin, 
interferon-inducible protein 10. platelet 
factor 4, and L; is a linker capable of 
linking R ( to R2. The nvention is 
also drawn to nucleic acids that encode 
MEPs, procedures for manufacturing 
MFPs, methods of using MFPs, methods 
of treating angiogenic-mcdiated disease 
with MFPs including methods of treating 
tumors with MFPs. and treating tumors 
by gene therapy using vectors that 
encode MFPs. 
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FUSION PROTEINS COMPRISING AN ANGIOSTATIN MOIETY AND THEIR USE IN ANTI-TUMOR TREATMENT 

Priority 

The present application claims priority under Title 35. United States Code, 
§ 119 of United States Provisional application Serial No. 60/060,609 filed October 
5 2. 1997. 

Field of the Inven tion 

The present invention relates to the development of novel multi-functional 
proteins (MFPs) of the formula: R,-L,-R 2 , R 2 -L.-R lf R,-L r R p R r R„ R,-R ; , or R.-R, 
where R, is angiostatin, R 2 is selected from endostatm, human type I interferon, 

10 thrombospondin, interferon-inducible protein 10, platelet factor 4, and L. is a 

linker capable of linking R, to R,. The invention is also drawn to nucleic acids that 
encode MFPs, procedures for manufacturing MFPs, methods of using MFPs, 
methods of treating angiogenic-mediated disease with MFPs including methods of 
treating tumors with MFPs, and treating tumors by gene therapy using vectors 

15 that encode MFPs. 

Background of the Invention 

Angiogenesis, the growth of new blood vessels, plays an important role in 
cancer growth and metastasis. In humans, the extent of vasculature in a tumor 
has been shown to correlate with the patient prognosis for a variety of cancers 

20 (Folkman, J., Seminars in Medicine of the Beth Israel Hospital, Boston 333(26): 

1757-1763, 1995; Gasparini, G., European Journal of Cancer 32AU4): 2485-2493, 
1996; Pluda, J. M., Seminars in Oncology 24 2): 203-218, 1997). In normal adults, 
angiogenesis is limited to well controlled situations, such as wound healing and the 
female reproductive system (Battegay. E.J., J Mol Med 73:-333-346, 1995; Dvorak, 

25 H.F, Nciv Engl J Med, 315: 1650-1659, 1986) 

Animal studies suggest that tumors can exist in a dormant state, in which 
tumor growth is limited by a balance between high rates of proliferation and high 
rates of apoptosis (Holmgren, U. et ah, Nat Med. (X. Y. ) 1(2.): 149-153. 1995; 
Hanahan. D. et al., Cell 'Cambridge. Mass.) 86(3): 353-364. 1996). The switch to 
30 an angiogenic phenotype allows tumor cells to escape from dormancy and to grow 

rapidly, presumably as the result of a decrease in the apoptotic rate of the tumor 
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cells Bouck. CY;::rc- CY.\Y. 2 6 179- 1^5. 1990, Danu-ron t-t al. CVc: Spring Harh 
Sxrrip Quart: Biol. 59: 483-4 S9. 1994 v The control of an gio genesis is thought to be 
a balance between factors which, promote new vessel formation and ant:- angiogenic, 
factors with suppress the formation of a neovasculature Bouck. X. et al.. Advances 
5 in Cancer Research 69; 135-173, 1996; O'Reilly et al.. Cell 'Cambridge. Mass/ 79<2': 

315-328. 1994). 

A variety of pro-angiogemc factors have been characterized including basic 
and acid fibroblast growth factors ibFGF and aFGF'i and vascular permeability 
factor/vascular endothelial growth factor (VPFA'EGF) iPotgens, A. J. G. et ah, Biol. 
Chem. Hop pv- Sexier 376: 57-70. 1995; Ferrara, NY, European Journal of Cancer 
32A«14j: 2413-2442, 1996; Bikfalvi. A. et ah, Endocrine Reviews 18: 26-45. 1997;. 
Several endogenous anti-angiogenic factors have also been characterized, including 
angiostatm : O'Reilly et ah. Cell (Cambridge, Mass) 79(2): 315-328, 1994Y 
endostatin (O'Reilly et al. Cell 'Cambridge, Mass) 88(2); 277-285. 1997), interferon 
alpha fEzekowitz et al, N. Engl. J. Med., May 28, 326(22) 1456-1463, 1992), 
thrombospondin (Good et ah Proc Natl Acad Sci USA 87(17): 6624-6628, 1990; 
Tolsma et al. J Cell Biol 122(2): 497-511, 1993), and platelet factor 4 (PF4) (Maione 
et ah Science 247 :(4938): 77-79. 1990). 

Angiostatin is a 38 kD protein comprising the first three or four kringle 
domains of plasminogen and was first described in 1994 (O'Reilly, M. S et ah. Cell 
'Cambridge, Mass.) 79(2): 315-328, 1994). Mice bearing primary (Lewis lung 
carcinoma-low metastatic) tumors did not respond to angiogenic stimuli such as 
bFGF in a corneal micropocket assay and the growth of metastatic tumors in these 
mice was suppressed until the primary tumor was excised. The factor responsible 
for the inhibition of angiogenesis and tumor growth was designated mouse 
angiostatin. Angiostatin was also shown to inhibit the growth of endothelial cells 
in vitro. 

Human angiostatin can be prepared by digestion of plasminogen by porcine 
elastase (O'Reilly et ah. Cell 79(2): 315-328. 1994) or with human metalloelastase 
30 ; Dong et ah. Cell 88, 801-810, 1997 ■. The angiostatin produced via porcine elastase 

digestion inhibited the growth of metastases and primary tumors in mice. O'Reilly 
et al (Cell 79(2): 315-328, 1994) demonstrated that human angiostatin inhibited 
metastasis of Lewis lung carcinoma in SCID mice. The same group 'O'Reilly. M S 
et ah. Nat. Med. YY. Y.> 2(6;: 689-692, 1996 :> subsequently showed that human 
35 angiostatin inhibited the growth of the human tumors PC3 prostate carcinoma, 

clone A colon carcinoma, and MDA-MB breast carcinoma in SCID mice. Human 
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aniriostatin also inhibited the growth of the mouse tumors Lewis lung carcinoma, 
T241 fibrosarcoma and M5076 reticulum cell carcinoma in C57B1 mice. Because 
these enzymaticaily-prepared angiostatins are not well characterized 
biochemically, the precise composition of the molecules is not known. 

5 Angiostatins of known composition can be prepared by means of 

recombinant DNA technology and expression m heterologous cell systems. 
Recombinant human angiostatin comprising Kringle domains one through four 
(Kl-4) has been produced in the yeast Pichia pastons (Sim et al., Cancer Res 57: 
1329-1334. 199" ). The recombinant human protein inhibited growth of endothelial 
cells in vitro and inhibited metastasis of Lewis lung carcinoma in C57B1 mice. 
Recombinant murine angiostatin (Kl-4) has been produced in insect cells (Wu et 
al„ Biochcm Biophys Res Camm 236: 651-654, 1997). The recombinant mouse 
protein inhibited endothelial cell growth in vitro and growth of primary Lewis lung 
carcinoma in vivo. These experiments demonstrated that the first four kringle 
domains are sufficient for angiostatin activity but did not determine which kringle 
domains are necessary. 

Cao et al. (J. Biol. Chart. 271: 29461-29467. 1996). produced fragments of 
human plasminogen by proteolysis and by expression of recombinant proteins in E. 
colt. These authors showed that kringle one and to a lesser extent kringle four of 
plasminogen were responsible for the inhibition of endothelial cell growth m vitro. 
Specifically, kringles 1-4 and 1-3 inhibited at similar concentrations, while Kl 
alone inhibited endothelial cell growth at four-fold higher concentrations. Kringles 
two and three inhibited to a lesser extent. More recently Cao et al. (J Biol Chem 
272: 22924-22928, 1997), showed that recombinant mouse or human kringle five 
inhibited endothelial cell growth at lower concentrations than angiostatin (Kl-4). 
These experiments demonstrated m vitro angiostatin-like activity but did not 
address in vivo action against tumors and their metastases. 

World patent applications WO 95/29242 Al, WO 96/41194 Al. and WO 
96/35774 A2 describe the expression, purification, and characterization of 
angiostatin. WO 95/29242 Al 951102 discloses purification of a protein from blood 
and urine by HPLC that inhibits proliferation of endothelial cells. The protein has 
a molecular weight between 38 kUodaltons and 45 kilodaltons and an amino acid 
sequence substantially similar to that of a murine plasminogen fragment 
beginning at amino ac.d number 79 of a murine plasminogen molecule. WO 
96/41194 Al 961219. discloses compounds and methods for the diagnosis and 
monitoring of angiogenesis-dependent diseases. WO 96/35774 A2 961114 discloses 
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UCCUmn? '' Vlthin — ^ also discloses aggregate torn. of ansiostatin 
WmCh haVL ' end0thfcHd activity, and provides a means tor inhibits 

angiogenesis of tumors and for treating angiogenic-mediated diseases. 

Endostatin, a 20-kDa (184 ammo acid) carboxy fragment of collascn XVIII 
.s an angiogenesis inhibitor produced by a hemangioendothelioma ■ O'Reillv. M S 
et al.. Cell 'Cambridge, Mass, 88,2, 277-285. 1997,; and WO 97/15666. 
Endostatin specifically inhibits endothelial proliferation and inhibits anagenesis 
and tumor growth. Primary tumors treated with non-refolded suspensions of E 
co/,denved endostatin regressed to dormant microscopic lesions. Toxicitv was not 
ooserved and immunohistochemical stud.es revealed a blockage of angiogenesis 
accompanied by high proliferation balanced by apoptosis in tumor cells. 

Interferon alpha (IFN alpha, ,s a family of highly homologous, species- 
speafic proteins that possess complex antiviral. antineoplastic and 
.mmunomodulating activit.es .Extensively reviewed ln the monograph 
Antineoplastic agents, interferon alfa". Amencan Society of Hospital Pharmacist, 
Inc.. 1996). Interferon alpha also has antiproliferative, and anti-angio^nic 
properties, and has specific effects on cellular differentiation (Sreevalsan in 
"Biologic Therapy of Cancel, pp. 347-364, (eds. V.T. DeVita Jr., S. Hellman. and 
S.A. Rosenberg), J.B. Lippincott Co, Philadelphia, PA, 1995). 

Interferon alpha is effective against a variety of cancers including hairy cell 
leukemia, chronic myelogenous leukemia, malignant melanoma, and Kaposi's 
sarcoma. The precise mechanism by which IFN alpha exerts its anti-tumor 
activity is not entirely clear, and may differ based on the tumor tvpe or stage of 
disease. The antiproliferative properties of IFN alpha, which may result from the 
modulation of the expression of oncogenes and/or proto-oncogenes. have been 

demonstrated on both tumor cell lines and hum«n m™.. .-_ ... , . 

li0 6 . w ,vm 5 iU nuue mice 

(Gutterman, J. U., Proc. Natl. Acad. ScL. USA 91: 1198-1205, 1994). 



35 



Interferon is also considered an anti-angiogenic factor, as demonstrated 
through the successful treatment of hemangiomas ,n infants (Ezekowitz et al V 
Engl. J. Med.. May 28. 326,22. 1456-1463, 1992, and the effectiveness of IFN alpha 
against Kaposi's sarcoma :Krown. Semin Oncol 14.2 Suppl 3 ): 27-33. 1987). The 
mechanise underlying these antt-angiogenic effects is not clear, and mav be the 
result of IFN alpha action on the tumor (decreasing the secretion of pro-an^enic 
factors, or on the neo-vasculature. IFN receptors have been identified on a varietv 
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of cell types : Navarro ot al.. Modern Pathology »2>: 150-156. 1996', 

United States Patent 4,530.901, by Weissmann, describes the cloning and 
expression of IFN-alpha-type molecules in transformed host strains. United States 
Patent 4 503,035, Pestka. describes an improved processes for puntying 10 spec.es 
of human leukocyte -interferon using preparative high performance hqu.d 
chromatography. United States Patent 5.231,176, Goeddel. describes the cloning 
of a n ovel distinct family of human leukocyte interferons containing in their 
mature form greater than 166 and no more than 172 amino acids. 

United States Patent 5,541.293. by Stabinsky. describes the synthesis. 
10 cloning, and expression of consensus human interferons. These are ^naturally 

occurring analogues of human (leukocyte, interferon-alpha assembled from 
■vnthctic oligonucleotides. The sequence of the consensus interferon was 
determined by comparing the sequences of 13 members of the IFN-alpha family of 
interferons and selecting the preferred amino acid at each position. These 
„ variants differ from naturally occurring forms in terms of the identity and/or 

location of one or more amino acids, and one or more biological and 
pharmacological properties (e.g., antibody reactivity, potency, or duration effect) 
but retain other such properties. 

Thrombos P ondin-l (TSP-l) is a tnmer containing three copies of a 180 kDa 
polypeptide. TSP-l is produced by many cell types including platelets, fibroblasts. 
an d endothelial cells (see Fra.e, Curr 0 P tn Cell Bio, 3(5): 792-799. 199!, and the 
cDN\ encoding the subun.t has been cloned (Hennessy et al.. 1989. J Cell Btol 
.08(2- 729-736: Lawler and Hynes, J Cell Biol 103(5): 1635-1648, 1986). Native 
TSP-l has been shown to block endothelial cell migration in vUro and 
neovascularization in vlV o (Good et al. Proc Natl Acad Sci USA 87(H): 6624-6628^ 
199 0> Expression of TSP-l in tumor cells also suppresses tumongenesis and 
tumcinduced angiogenesis (Sheibani and Frazier, Proc Natl Acad Set USA 8*lo> 
678S . 679 , 1995: Wcinstat-Saslow et al., Cancer Res 54(24).6504-6511. 1994, The 
^angiogenic activity of TSP-l has been shown to reside in two distinct domains 
of this protein (Tolsma et al. J Cell Biol 122(2, 497-511, 1993). One of these 
dom ains consists of residues 303 to 309 of native TSP-l and the other consists of 
residues 481 to 499 of TSP-l. Another important domain consists of the sequence 
CSVTCG which apoears to mediate the binding of TSP-l to some tumor cell types 
.Tuszvnski and Nicosia. Bioessays 18(1, 71-76. 1996, These results suggest that 
CSVTCG or related sequences, can be used to target other moieties to tumor cell. 
Taken together, the available data indicate that TSP-l plays * role in the growth 
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and vascularization rumors Subira^ments or" TSP-I. then, may be useful as 
ami -angiogenic components chimeras a rid/ or m targeting other proteins to 
specific tumor cells. Subfragments may be generated by standard procedures : such 
as proteolytic fragmentation, or by DXA amplification, cloning, expression, and 
5 purification of specific T5P- 1 domains or subdomains ; and tested for anti- 

angiogenic or anti-tumor activities by methods known in the art iTolsma et al. J 
Cell Biol 122 2 497-511. 1993; Tuszynski and Nicosia. Bioessays 18: 1 >: 71-76. 
1996). 

A variety of in vivo experiments demonstrate that chemokines platelet 
factor 4 'PF-4.' 1 and interferon inducible protein 10 (IP- 10* retard the growth of 
tumors. PF-4 blocks the growth of primary tumors in mice (mouse melanoma and 
human colon cancer 1 (Sharpe et al.. J. Natl. Cancer Inst. 82, 848-853; Maione et al. 
Cancer Res. 51, 2077-2083, 1991). IP-10 administration blocks non-small cell lung 
tumorigenesis and Burkitf s lymphoma subcutaneous tumors in mice < Arenberg et 
al.. J. Exp. Med. 184. 981-992, 1996; Sgardan et al. Proc. Natl. Acad. Scv USA 93, 
13791-13796, 1996). PF-4 is currently in clinical trials for Kaposi's sarcoma, 
glioblastoma, melanoma, renal cell and colon cancer. IP-10 promotes the migration 
of activated lymphocytes to the site of injection thereby suggesting that IP-10 may 
have immuno-modulatory properties. The immuno-modulatory property may 
contribute to the anti-tumor capacity of IP-10. 

Anti-angiogenic therapy may offer several advantages over conventional 
chemotherapy for the treatment of cancer. Anti-angiogenic agents have low 
toxicity in preclinical trials and development of drug resistance has not been 
observed (Folkman, J., Seminars in Medicine of the Beth Israel Hospital, Boston 
333(26k 1757-1763, 1995). As angiogenesis is a complex process, made up of many 
steps including invasion, proliferation and migration of endothelial cells, it can be 
anticipated that combination therapies may be most effective. In fact, 
combinations of chemotherapy with anti-angiogenic therapy have already shown 
promising results in pre-clinical models (Teicher. B. A. et al., Breast Cancer 
Research and Treatment 36: 227-236. 1995; Teicher : B. A. et al.. European Journal 
of Cancer 32Afl4): 2461-2466, 1996). 

Chimeras of angiostatin with other anti-angiogenic proteins such as 
endostatin may have improved biological properties by virtue of acting through 
several mechanisms. The two proteins may have distinct mechanisms, allowing 
35 increased efficacy by virtue of blocking the angiogenic process at two separate 

points. Alternatively, the two proteins may act on the same cell type causing an 
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, nm ascd binding, or otner «U». - of.ncreased av,d,ty. »«. — -* 

Lropriace site o t actio, D.mers a, «hr «*. ~ « 

osL, o r other — " ^ J 1 

5 could nave increased eff.cacv ^ * *«- * """" **"* 

mechanisms. 

One dass of mechanisms for improved activity of angiostatm «*»«. 
would resu,t front the ability to b.nd to two d,,.n=, receptors » the »« ceil 'e.g 
leptor agonists, »d demonstrate ^ due to .atera^ w 

f» receptors . a «, — - ^J^S 

orop.rt.es through a variety of mechanisms such as. 1. 

L.ade of complementary receptor ^ pathways, and,or , - * 
tatg e,,„g of one or both of ,h. components ta the eel, of .uteres, *™*>J*^ 
Ca , are endotheiia, eel, binding dua, receptor agonists . or antagom^ such 

l 0 cias^ aie . oi n ha For example, 

^r,^ TP 10 and ansnostatin-lr iN aipua. 
A B -angiostatin, angiostatin-l^-iu, ana & 

* > — — — - - * °°" ELR " c ' x : c ;;r ; i 

ejected to generate a recepter agon.s, wh.cn has — « * ^ * 
endothehum. .„ add.t.on, an .r-rO-angnostatin ch.mcra would - - 
conta.n an .mmun.modulatory component affecting the recra,t»e t f »h, * 
cells to the tumor. 1P-10 would aiso be expected to have an effect on he P r m.r> 
tumor and on metastasis. Further, the .h,mcr,c proteins arc expected to po, - 
„„,„e pharmaceutic distribution and clearance orefde «* ™ r « • ■ 
CWs t ,o„. 91. 2 1 S8-2194. WW: Tana,, et a, 3 «.*«- 

A ,ec.nd class of mechan.sms does not depend en receptor binding on the 
same cell hut where the chimeric protein has improved properties ,n »,vo 
el a 'to the two component, ,nd,v,d»a,l, Th,s may be a result of aiterat.on 

Id.str.but.on or ha„,,fe. ..ternativel, the binding of the ««--J « 
mere of the receptors. pharmacokinetics, or uptake of the cb.mer, ,s al erod n 
,_able manner. These proteins are hkelv to act throng «™ - 
mechanisms. Therefore, chimeric prote.ns containing a„t,-pr ohfera e^a „» 
anionic activities may provide improved an.Uumor activity by »s,n B t 

. rr^-th The anti-prohferativc moiet> 

, ■ i. r , rirxTPi^p tumor CTOWtn. r 

rini::: . decrease «. ^ - 

f tor should act indirectly bv preventing the growth of the noo^u ,ur 
„o,„,red for rapid tumor growth. One example of ,h„, mechanism might 
angiostatin/IFN alpha chimeras. 
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Novel proteins of this invention are represented by the formulae: 

R.-L.-R , R_-L ; -R : . R : -L.-R.. R.-R_.. R,-R.. and R.-R, 

wherein R. is a modified human angiostatin amino acid sequence. 

and R._ is a modified endostatin, human type I interferon, thrombospondin or a 
fragment thereof, interferon-inducible protein 10, platelet factor 4, and proteins 
with similar activity. 

and wherein L. is a linker capable of linking R. to R 1; 

and said protein can optionally be immediately preceded by (methionine"], 
(alanine >, (methionine", alanine'), (serine ( methionine \ serine'), (cysteine 1 ), or 
( methionine cysteine ' >. 

Preferably, R, is selected from the from the group consisting of angiostatin 
Kl, angiostatin K5. angiostatin K1-K3, angiostatin K1-K4, or a functional 
homologue thereof. 

Preferably R 2 is selected from the from the group consisting of interferon 
alpha A/D and interferon alpha 2b. 

Even more preferably, R, is selected from the group consisting of interferon 
alpha 2a, interferon alpha 2b, interferon alpha hybrid A/D, type I interferon 
variants, and consensus interferon, or a functional homologue or variant protein 
thereof. 

Additionally, the present invention relates to recombinant expression 
vector? comprising nucleotide sequences encoding the multi-functional proteins, 
related microbial and eukaryotic expression systems, and processes for making the 
multi-functional proteins. The invention also relates to pharmaceutical 
compositions containing the multi-functional proteins, and methods for using the 
multi-functional proteins. 

Definitions 

The term "multi-functional protein' 1 means a single polypeptide which 
inherently possesses two distinct activities. In the context of the current invention. 
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anti-an^eme and/or anti-tumor activities are contemplated. The polypeptide 
may be formed by the cuvalcnt union of two distinct proteins or portions thereof, or 
two copies of the same protein, or portions thereof. 

The term "anti-tumor" mean, possessing an activity which slows or 
abolishes the growth of. or which kills, or otherwise harms tumors in vivo. 

The term "native sequence" refers to an amino acid or nucleic acid sequence 
which is identical to a wild-type or native form of a gene or protein. 

The terms "mutant amino acid sequence," "mutant protein", "variant 
protein", "mutem", or "mutant polypeptide" refer to a polypeptide having an amino 
acid sequence which varies from a native sequence due to ammo acid additions, 
deletions, substitutions, or all three, or is encoded by a nucleotide sequence from 
an intentionally-made variant derived from a native sequence. 

The term "angiostatin" means a protein fragment of the heavy chain (SEQ 
ID NO: 37) of plasminogen having anti-anpogemc activity. The activity of said 
fragments can be determined by the mouse corneal micropocket assay of 
angiogenesis or by inhibition of endothelial cell growth in vitro. 

The term "kringle" or "K" means a fragment or substructure of 
plasminogen or angiostatin bounded by disuifide-iinked cysteine residues, and 
which retain a structure similar to that which it will adopt within the whole of 
plasminogen. A kringle domain may also include interknngle sequences which 
serve to connect it with other knngle domains. The terms Kl. K2, K3, K4, K5 refer 
to specific knngle domains, and terms like Kl-3 or K2-4, for example, refer to 
contiguous protein segments from the first knngle through the last knngle in a 
series, including the interkringle sequences. 

The term "interferon" includes one of a group of proteins having anti-viral 
and anti-tumor activities including type I interferon, type I interferon variants, 
interferon alpha 2a. interferon alpha 2b , interferon alpha hybrid A/D, consensus 
interferon, functional homologues thereof, and those encoded by a DNA sequences 
related to those in SEQ ID NO: 27, SEQ ID NO: 28. SEQ ID NO: 29. and SEQ ID 
NO: 31. 

The term "thrombospondm" means the proteins identical or essentially 
identical to thrombospondm and internal fragments of thrombospondm which 

possess anti-angiogemc activity. 
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Brief Description of the Figures 

Figure 1 shows a schematic of selected cloned angiostatin 
fragments containing kringle domains preceded by an IL-3 signal peptide 

The labels Kl, K2. K3. K4. and K5. refer to specific kringle domains within 
human plasminogen or angiostatin. Plasmid p\IOX24624 contains the sequence of 
the heavy chain of human plasminogen including the N-terminal peptide 'NTP 1 
and the signal peptide :'SP). Plasmids pMON24625 <K1-K4t, piMOX24626 <K1-K3), 
pMON24627 iK2-K4>. pMON24628 <K2-K3», and pMON24650 (Kl each contain 
various kringle domains, preceded by the IL-3 signal peptide iIL3>. These 
plasmids also contain sequences necessary for expression and secretion of the 
proteins from mammalian 'e.g.. BHK) cells. 

Figure 2 shows a schematic of selected cloned angiostatin 
fragments containing kringle domains 

The plasmid pMON T 24642 encodes krmgles K1-K4 plus additional human 
plasminogen sequences at its 5' and 3' ends shown in the diagram by solid areas. 
Plasmids pMON24643 (K1-K4.L pMON24644 (K2-K3), pMON24645 (K2-K3), 
pMON24646 <Kl-K3). and pMON24648 (Kl) contain specific kringle domains of 
human plasminogen. These plasmids also contain sequences necessary for the 
expression of the encoded polypeptides in E. coll. 

Figure 3 shows a schematic of selected angiostatin/interferon 
alpha 2b chimeric fusion proteins 

Plasmid pMON20413 encodes the Kl kringle domain fused to interferon 
alpha through a Glycine-Serine ( Gly-Ser i linker peptide. Plasmid pMON20414 is 
similar to PMOX20413, but encodes n chimeric fusion protein containing interferon 
alpha at its N-terminus fused to the Gly-Ser linker, which is fused to the Kl 
kringle domain of plasminogen (angiostatin).. Plasmid pMON20416 encodes a 
fusion protein consisting of kringle domains K1-K3 fused to interferon alpha with a 
Gly-Ser linker. 

Figure 4 shows a schematic of selected angiostatin/interferon 
alpha A/D chimeric fusion proteins 

Plasmid pMON'20412 encodes krmgles K1-K3 fused to the hybrid A/D 
interferon with a Gly-Ser linker. Plasmid pMON20420 encodes a fusion protein 
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containing the hybrid A/D interferon fused to krinde, K1-K3 through a Gly-Ser 
linker. Plasmid pMON'20421 encodes kringle Kl fused to the hybnd A/D 
interferon with a Gly-Ser hnker. Plasmid pMON20422 encodes a fusion protein 
containing the hybnd A/D interferon fused to kringle Kl through a Gly-Ser linker. 

5 Figure 5 shows the proliferation of Daudi cells in the presence of 

interferon A/D and an interferon A/D Kl-3 angiostatin chimeric protein 

Two replicates of assays depicting the proliferation of Daudi cells in the 
presence of interferon A/D (standard, from Genzyme'. and an interferon A/D Kl-3 
angiostatin chimeric protein are shown. Protein samples were serially diluted, 
10 beginning at a concentration of 1 mM. 

Detailed Description of the Invention 

The present invention encompasses multi-functional proteins (MFPs) 
which inherently possess two distinct activities. In the context of this invention, 
anti-angiogenic and/or anti-tumor activities are contemplated. The polypeptide 
15 may beamed by the covalent union of two distmct proteins, or portions thereof. 

Each distinct protein segment which may act through a different and specific cell 
receptor to initiate complementary biological activities. The MFPs may also be 
formed from covalently-lmked polypeptides derived from the same protein. 

Peptide-bonded chimeric fusion proteins 

20 Novel compounds of this invention are represented by a formula selected 

from the group consisting of: 

R,-L r R 2 . 
R,-L r R p 
R.-L r R :? 

25 R - R :- 

R,-R : , 

R.-R, 



Where R. and R, are as defined above. 
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R_ is preu-rahiy a protein ur protein fragment with a dine rent but 
e'cmpu-mentary activity than R . Complement a ry activity is m^aa: to ho aetivitv 
which enhances or changes the response to another ceil modulator. The R 
polypeptide is joined cither directly or through a linker segment to the R. 
polypeptide The term "directly" defines multi-functional proteins in which the 
polypeptides are joined without a peptide linker. Thus L, represents a chemical 
bond or polypeptide segment to which both R. and R,. are joined in frame. Most 
commonly L, is a linear peptide in which R. and R : are joined by amide bonds, 
linking the carboxy terminus of R. to the amino terminus of L and carboxy 
terminus of L. to the ammo terminus of R_. "Joined in frame" means that there is 
no translation termination or disruption between the reading frames of the DXA 
encoding R. and R : . 

Additionally, this invention encompasses the use of modified R, or R, 
molecules or mutated or modified DNA sequences encoding these R. or R, 
molecules. The present invention also includes multi-functional proteins in which 
R. or R 2 is a variant. 

The linking group (L,) is generally a polypeptide of between 1 and 500 
ammo acids in length. The linkers joining the two molecules are preferably 
designed to ( 1) allow the two molecules to fold and act independently of each other, 
(2) not have a propensity for developing an ordered secondary structure which 
could interfere with the functional domains of the two proteins, (3) have minimal 
hydrophobic characteristics which could interact with the functional protein 
domains and (4) provide steric separation of R. and R , such that R. and R, could 
interact simultaneously with their corresponding receptors on a single cell. 
Typically surface amino acids in flexible protein regions include Gly, Asn and Ser. 
Virtually any permutation of amino acid sequences containing Gly. Asn and Ser 
would be expected to satisfy the above criteria for a linker sequence. Other neutral 
ammo acids, such as Thr and Ala, may also be used in the linker sequence. 
Additional amino acids may also be included in the linkers due to the addition of 
unique restriction sites in the linker sequence to facilitate construction of the 
multi-functional proteins. 

Preferred L ; linkers of the present invention include sequences selected 
from the group of formulas: 
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One cample of . high.y-flexible Mu* * *. and .p~r 

— — - - — ° f m ~ ^'tr^ 

bacteriophages M13 or « ,*W*r « » 7 '"the pIII 

re ™„ provides , ta* f-.ble spacer „*« * *» 

surface protein. The .pacer repon consists of the ammo add .ecuer.ce. 



,,r,vs,rc^.'5vy3:y««.-"-- 0 '>-= 1 ' i *-'- ;1 " G: '"' 01 '-' llyS ' 



The present invention al.o includes linker, in which an endopept.dase 

thc individual components of the m„,t,-fu»«t,o„a, protein to determ, e ,f the are 
15 proper w foidod and in ,<™ of various 

Lt are net Mm.ted t,, plasmin. cnterokina.e. «"*«". «~ 

X„I,no E e„ activator. ciostr.pa.n. chymo.m, co„a s enasc, Russell, viper venom 
protease, post-prohne eleava.e eneyme. VS protease. Thrombin and factor Xa. 

Peptide .inker *o h.n.e region of heavy chain 

, mmu „o g i.bu„» s . s o. w> » - — ; 

bet „ee„ the attached poiypept.de.. E.pecaiiy useful are those h,„ g e ^ * 
*. cv,e,ne S are rep.aced ,ith serines Preferred linker, of the ~ 
— se,ue„ces derived from murine l g O ~£T~;~ „ 

cysteines have been changed to serines. The,e linker, ma. 
iXepfdase cleava.e s.te Examples of such linker, include the fo„»„,n B 

sequences: 

:ie3erGiuProSerGiyPro:J.eser - : ' riiW ~ " 

The present invention „ however, no. limited by the form, size or number 
of „ nke r secmences empioyed. The only retirement of the hnker ,s that ,, does 
„.! function* interfere vv.th the fo,d,„ S and function of the individual ntolecu.cs 

of the multi-functional protein. 

oi~n hp -Hided to facilitate purification or 
Additional peptide sequences may al.o be added . 
1 - t A hieh v antigenic 

identification of multi-functional proteins (e.g.. pol>-H,*.. ' 
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peptide m^y u!^- be added that would enable rapid assay and facile purification of 
the multi-functional prelum by a specific mono clonal antibody. 

Multi-functional proteins of the present invention may exhibit useful 
properties such as having similar or greater biological activity when compared to a 
single factor or by having improved half-life or decreased adverse side effects, or a 
combination of these properties. 

Multi-functional proteins which have little or no activity maybe useful as 
antigens for the production of antibodies for use in immunology* or immunotherapy, 
as genetic probes or as intermediates used to construct other useful mutems. 

Biological activity of the multi-functional proteins of the present invention 
can be determined by tumor cell proliferation assays, endothelial cell proliferation 
assays, endothelial cell migration assays, endothelial cell tube formation assays, 
mouse corneal micro-pocket angiogenesis assays, and tumor growth assays. 
Syngeneic models of mouse tumor growth, such as the Lewds Lung carcinoma assay 
(Sugiura and Stock, Cancer Res., 15: 38-51, 1955; O'Reilly et al.. Cell 'Cambridge, 
Mass J 79(2): 315-328, 1994), and xenograft models of human tumors in nude or 
SCID mice using human breast cancer, prostate carcinoma, or melanoma cell lines 
are also used (Price, Breast Cancer Research and Treatment, 39: 93-102, 1996: 
Sasaki et al.. Can. Res. 55: 3551-3557, 1995;Pretlow et al, Can. Res. 51: 3814- 
3817, 1991 and Passaniti et al.. Int. J. Cancer, 51: 318-324. 1992; Felding- 
Habermann et al., J. Clin. Incest., 89: 2018-2022, 1992). 

The biological activity of individual protein subunits can be performed 
using specific assays. The antiviral activity of interferon, for example, can be 
carried out by titermg the potency of interferon preparations on Madin Darby 
bovme kidney cells infected with vesicular stomatitis virus (Rubinstein et al., J. 
Virol. 37(2): 755-758, 1981). 

The multi-functional proteins of the present invention may have an 
improved therapeutic profile as compared to single-acting anti-angiogemc or anti- 
tumor proteins. For example, some multi-functional proteins of the present 
invention may have a similar or more potent anti-tumor activity relative to other 
anti-tumor proteins without having a similar or corresponding increase in side- 
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Therapeutic targets 

The multi-functional proteins of the present invention may be useful in the 
tr . at ment of an.iogonic-mediated diseases such as cancer, diabetic retinopathy, 
and macular defeneration. Among the cancers susceptible to treatment w,th the 
polypeptides of the present invention are lung cancer, breast cancer, ovarian 
cancer, prostate cancer, pancreatic cancer, gastric cancer, colon cancer, renal 
cancer, bladder cancer, melanoma, hepatoma, sarcoma, and lymphoma. 

The present invention provides an improvement to the existing methods of 
treating solid tumors, in that it provides methods utilizing multi-functional 
pro tein. that have improved biological activities. Therapeutic treatment of tumors 
with these multi-functional proteins of the present invention may avoid 
undesirable side effects caused by treatment with presently available drugs. The 
treatment of solid tumors may include administration of a pharmaceutical 
composition containing the multi-functional proteins to a patient. 

Other aspects of the present invention are methods and therapeutic 
compositions for treating the conditions referred to above. Such compositions 
comprise a therapeutically effective amount of one or more of the multi-functional 
proteins of the present invention in a mixture with a pharmaceutical* acceptable 
carrier The compositions can also be admixtures containing adjunctive agents, 
.uch as chemotherapeutic or immunotherapeutic agents. This composition can be 
administered either parenteral^ intravenously, or subcutaneous!,. Other routes 
of administration are also contemplated, including intranasal and transdermal 
routes and by inhalation. When administered, the therapeutic composition for use 
in this invention is preferably in the form of a pyrogen-free, parenterally- 
acceptable aqueous solution. The preparation of such a parenterally-acceptable 
protein solution, having due regard to P H, isotomcity. stability and the hke. is 
within the skill of the art. 

The dosa.e regimen involved in a method for treating the above-described 
conditions will be determined by the attending physician considering various 
factors which modify the action of drugs, e.g., the condition, body weight, sex. and 
d.et of the pat.ent. the seventy of any infection, time of administration and otner 
clinical factors. Generally, a daily regimen may be about 1.0 Pg*g of multi- 
functional proteins per kilogram of body weight. Dosages would be adjusted 
relative to the activity of a given multi-functional proteins and it would not be 
treasonable to note that dosage rumens may include doses as low as 0.1 
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mu r^ran: and as hi^h a- 1 ;0 milligrams per kiiotrrum of body wt-iirht per day. 

In addition, tru.-rc may exist specific circumstances where dosages of multi- 
functional proteins would be adjusted higher or lower than the range of 0.2 - 
100.000 micrograms per kilogram of body weight. These include co-administration 
5 with other anti-angiogenic or antitumor proteins or variants; co-administration 

with adjunctive agents such as chemotherapeutic or immunotherapeutic agents, 
co-administration with chemotherapeutic drugs and/or radiation; the use of 
glycosylated multi-functional proteins; and various patient-related issues 
mentioned earlier in this section. As indicated above, the therapeutic method and 
10 compositions may also include co- administration with other human an ti- tumor 

proteins. 

A non-exclusive list of other appropriate anti-angiogenic or anti-tumor 
agents or treatments includes chemotherapy, radiation therapy, hormonal therapy, 
or mterieukin-2, or combinations thereof. The dosage recited above would be 
15 adjusted to compensate for such additional components in the therapeutic 

composition. 

Delivery of multi-functional proteins to a patient could also be performed 
through gene therapy. There are a variety of methods, known to those with skill in 
the art, for introducing genetic material into a host cell. A number of vectors, both 

20 viral and non-viral have been developed for transferring therapeutic genes into 

primary cells. Viral based vectors include; 1) replication deficient recombinant 
retrovirus ( Boris-Lawrie and Temin, Curr. Opin. Genet. Dev. 3:102-109. 1993, 
B oris- Law rie and Temin. Anna I . New York Acad. Sci. 716:59-71. 1994, Miller, 
Current Top. Microbiol. Immunol. 158:1-24. 1992) and replication-deficient 

25 recombinant adenovirus 'Berkner, BioTcchniques 6:616-629, 1988, Berkner, 

Current Top. Microbiol. Immunol. 158:39-66, 1992. Brody and Crystal, Annal. New 
York Acad. Sci. 716:90-103, 1994). Non-virai based vectors include protein/DXA 
complexes ;Cristiano et al.. PNAS USA. 90:2122-2126, 1993, Curiel et al.. PNAS 
USA 88:8850-8854, 1991. Curiel, Annal. New York Acad. Sci. 716:36-58. 1994), 

30 electroporation and liposome mediated delivery such as cationic liposomes 

iFarhood et 3.1. .Annal. New York Acad. Sci. 716:23-35. 1994). 

Cloning and expression of genes encoding multi-functional proteins 

The present invention also includes the DNA sequences which code for the 
multi-functional proteins, DNA sequences which are substantially similar and 
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perform substantially the same function, and DNA sequences which differ from the 
DNAs encoding the multi-functional proteins of the invention only due to the 
de .eneracv of the genetic code. Also included in the present invention are the 
oligonucleotide intermediates used to construct the mutant DNAs and the 
5 polypeptides coded for by these oligonucleotides. 

Genetic engineering techniques now standard in the art ..United States 
Patent 4 935.233 and Sambrook et al„ "Molecular Cloning A Laboratory Manual". 
Cold Spring Harbor Laboratory. 1989) may be used in the construction of the DNA 
sequences of the present invention. One such method is cassette mutagenesis 
10 -Wells et al Gene 34:315-323, 1985, in which a portion of the coding sequence m a 

plasmid is replaced with synthetic oligonucleotides that encode the desired ammo 
acid substitutions :n a portion of the gene between two restriction sites. 

Pai rs of complementary synthetic oligonucleotides encoding the desired 
.one can be made and annealed to each other. The DNA sequence of the 
15 oligonucleotide would encode sequence for amino acids of desired gene with the 

exception of those substituted and/or deleted from the sequence. 

Plasmid DNA can be treated with the chosen restriction endonucleases 
then lifted to the annealed oligonucleotides. The ligated mixtures can be used to 
transform competent E. coU cells to resistance to an appropriate antibiotic. Single 
20 colonies can be picked and the plasmid DNA examined by restriction analysis 

and/or DNA sequencing to identify plasrmds with the desired genes. 

Clonincr of DNA sequences encoding novel multi-functional proteins may be 
accomplished bv the use of intermediate vectors. Alternatively, one gene can be 
cloned directlv into a vector containing the other gene. Linkers and adapters can 
25 be used for joining the DNA sequences, as well as replacing lost sequences, where a 

restriction site was internal to the reg.cn of interest. Thus genetic material (DNA) 
encoding one polypeptide, peptide linker, and the other polypeptide ,s inserted into 
a suitable expression vector wh.ch is used to transform bacteria, yeast, insect cells 
or mammalian cells. The transformed organism or cell line is grown and the 
protein isolated by standard techniques. The resulting product is therefore a new 
protein which has all or a portion of one protein joined by a linker region to a all or 
a portion of second protein. 

Another aspect of the present invention includes plasmid DNA vectors for 
use in the expression of these novel multi-functional proteins. These vectors 
contain the novel DNA sequences described above which code for the novel 
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polypeptides ji' trie invontiu:.. Appropriate vectors which can transform 
microorganisms or evil lines capable of expressing the multi-functional proteins 
include expression vectors comprising nucleotide sequences coding for the multi- 
functional proteins joined to transcriptional and transnational regulatory sequences 
which are selected according to the host cells used. 

Vectors incorporating modified sequences as described above are included 
in the present invention and are useful in the production of the multi-functional 
proteins. The vector employed in the method also contains selected regulatory 
sequences in operative association with the DNA coding sequences of the invention 
and which are capable of directing the replication and expression thereof in 
selected host cells. 

Methods for producing the novel multi-functional proteins is another 
aspect of the present invention. The method of the present invention involves 
cultunng suitable ceils or cell lines, which has been transformed with a vector 
containing a DXA sequence coding for expression of a novel multi-functional 
protein. Suitable cells or cell lines may be bacterial cells. For example, the various 
strains of E. coli are well-known as host cells in the field of biotechnology. 
Ex amples of such strains include E. coli strains JM101 ( Yanisch-Perron et al. Gene 
33: 103-119, 1985) and MON105 (Obukowicz et al.. Applied En vironmental 
Microbiology 58: 1511-1523. 1992). Also included in the present invention is the 
expression of the multi-functional proteins utilizing a chromosomal expression 
vector for E. coli based on the bacteriophage Mu ('Weinberg et al.. Gene 126: 25-33, 
1993 ). Various strains of B. subtilis may also be employed in this method. Many 
strains of yeast cells known to those skilled in the art are also available as host 
cells for expression of the polypeptides of the present invention. 

When expressed in the E. coli cytopl asm, the gene encoding the multi- 
functional proteins of the present invention may also be constructed such that at 
the 5' end of the gene codons are added to encode Met : - Ala', Met'-Ser\ Met 2 -Cys\ 
or Met at the N-termmus of the protein. The N termini of proteins made in the 
cytoplasm of E. coli are affected by post-translational processing by methionine 
aminopeptidase 'Ben Bassat et al.. J. Bacterial. 169:751-757, 1987) and possibly by 
other peptidases so that upon expression the methionine is cleaved off the N- 
terminus. The multi-functional proteins of the present invention may include 
multi-functional proteins polypeptides having Met \ Ala\ Ser : , Cys Met '-Ala'. 
Met'-Ser', or Met '-Cys ' at the X-termmus. These mutant multi-functional 
proteins may also be expressed in E. coli by fusing a secretion signal peptide to the 
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This i- -v., f ™ Lhe po, yI ,p t * - P- - - 

secretion process. 

Mso suable for use in the present — are mammalian ceil, »ch as 
qrv . rH0 . cell. General methods for expression at foreign 

Chinese hamster ovan -«-HO. cell.. ^ 

lie wo roviewed in Kaufman, K J.. J-»°'- 
t ren-s in mammalian cells are rcMCwea 
0 = e , , „ , Q i k Setiovv editor. Plenum Pre^s. 

Fn^neenn- Principles and Methods , \ol. 9, J. K. betiow . 

hnginecnn B , v promoter capable 

New York. An expression vector is constructed in whi.n P 
of functioning in mammalian cells drives transition o a eukar^ ^ 
^al peptide coding regton, which is translationally joined to the «*»*™<£ 
, . • - For example plasmids such as pcDNA I/Neo. 
10 the multi-functional protein,. For examp Califomi a) 

oPc/RSV and pRc/CMV (obtained from Invitrogen Corp., San Die. 

he used. tL erotic secretion signai peptide coding region can be f rom th 
,ene itself or it can be from another secreted mammalian protein < Bayne. M. , et 
; P., Natl Acad. Sc, USA 84: 2638-2642, 1987, After construction of th 

' u mr DNA i. transfected into mammalian cells 

vector containing the gene, the vector DNA u ran 

u rnQ^ HpT BHK CHO. or mouse L lines. The cells can 

suitable mammalian host cell, an 

Kaufman et aL Mol. Cell. Kiol., o\i>.± 
25 L. No. 4.419.446. Other m «n^.» «U Unes « *• — 

cell line and the CV-1 cell line. 

the pre se„ t i— . See. e, . U^, V A — j^"^ 

t ■ v York NY- 183-218. 1996 and references cited therein. 
LlS5 , New \ork. N i • baculovirus 
, tUnH- for expression of foreign genes in insect cells usi B 
in creneral methods lor expie»..iw r v „ r „„;„„ 

30 " . u A . n . Rpillv D R L K. Miller et al. Bac^oiurus Expre.swn 

vectors are described in: O Reillv, D. K.. u 

w / Vpw York W H. Freeman and Company, a 
Vectors: A LatoraiorvMcmua/. New \ork. vv.n A ,„ 6ora t 0 rv 
t A d R D Po«ee Tfte Bacu/ot.ru, Expre.^o, System: A Laboratory 
^ u . ' An express^ vector is constructed comprising 

Guide. London. Chapman & Hall. An expre..-. , 1S thc 

3i . ^ ,e«o, „ w** . ^^^^ 

po ,, iedn „ „, ^ : „ _„ for the muW - 

coding region, which is translationalU joined 
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runcti :nal prut~m. r r examp ie . int piusmid p\'Ll39o ''Stained tr-m Invitroeen 
Ccrp.. San Diego. California can be us-.- .i. Alter construction cf thir vector carrvin^' 
the L r (-ne encoding the multi-functional protein, two micrograms of this DNA is co- 
transK-cted with one microgram of baculovirus DXA into Spodoptcrz fru^ioerda 
5 insect cells, strain Sr9. Alternatively, recombinant baculoviruses can be created 

using a baculovirus shuttle vector system >. Luckow, V.A. et al.. -7. Virol. 67( 6;: 4566- 
4579, 1993' now marketed as the Bac-To-Bac™ Expression System '.Life 
Technologies, Inc. Rockville, MDe Pure recombinant baculovirus carrying the 
multi-functional protein is used to infect cells cultured, for example, in Excell 401 
10 serum-free medium ( JRH Biosciences. Lenexa, Kansas) or Sf900-II iLife 

Technologies, Inc. 1 . The multi-functional protein secreted into the medium can be 
recovered by standard biochemical approaches. Supernatants from mammalian or 
insect cells expressing the multi-functional proteins can be first concentrated using 
any of a number of commercial concentration units. 

15 The following examples will illustrate the invention in greater detail 

although it will be understood that the invention is not limited to these specific 
examples. Various other examples will be apparent to the person skilled in the art 
after reading the present disclosure without departing from the spirit and scope of 
the invention. It is intended that all such other examples be included within the 

20 scope of the appended claims. 

Materials and Methods 



General, methods 

General methods of cloning, expressing, and characterizing proteins are 
found in T. Maniatis et al., Molecular Cloning, A Laboratory Manual, Cold Spring 
Harbor Laboratory, 19S2, and references cited therein, incorporated herein bv 
reference; and in J. Sambrook et al., Molecular Cloning, A Laboratory Manual. 2" ,j 
edition, Cold Spring Harbor Laboratory, 19S9, and references cited therein, 
incorporated herein by reference. 

Unless noted otherwise, all specialty chemicals were obtained from Sigma, 
Co. (St. Louis, MO). Restriction endonucleases and T4 DNA ligase were obtained 
fr om New England Biolabs 'Beverlv, c\LVi or Boehrm^er Mannheim 'Indianapolis 
IN). 

Transformation of E. eoti strains 
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u nw.vjM ,Life Technologies. Gaithersburg, 

MD, and TOt -A-r*™ Corp.- ^ w prepare pl«n.id 

tra „ sf , irm a„o„ of — — strains 3 „ ch „ JM101 >Ya„ 1S ch- 

DSA for transacting mammaaan cells, i. - ^ 
, „,,- 103-119 19S5: and MON10.^Oouko«.02 it al.,.PP 

r: ' ~ - - - - r muh " fu " ct,ona 
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TABLE 1 Strains 



Designation 



DH5a ! 



JM101 (ATCC#33876) 



MON105 
(ATCC#55204) 

MON208 

TGI 



Description 



Reference/Source 



F,p^S0dZacZdcltaM15, 
deltai/acZYA-argF)U169, 
(ieoR. recAl, endAl, 
hsdRH (rk ,mk*\ph°A, 
supE44, lambda-, ^/u-1, 
gyrA96, relAl 

delta (pro /ach supE, thu 
F^raD36,proA3\/acI\ 

/acZdeltaMIS) 

F, lambda- JNfrrnD, 
rrnEU, rpoD\ rpoH358 

W3110 rpoH358. Zacr 1 , 
ompT::&arc 

delta(lac-pro), supE, ;/u-l, 
/i.sciD5/F'(fraD36, pro A*B\ 
tacT 1 . /acZdeltaMlo) 



Life Technologies, 
Rockville, Maryland 



Yanisch-Perron et ah, 
Gene, 33: 103-119, 1985 

Obukowicz et al., Appl 
and Envir.Micr., 58: 1511- 
1523, 1992 

Alan Easton, Monsanto 
Company 

Amersham Corp., 
Arlington Heights, Illinois 
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1.0 piicai ivnsuv unit at 60'j nanonit-ters OD60u as measured by a Baush & 
Loir.b Spvctromc spectrophotometer Rochester, XV The cells are collected bv 
centrifugation and resuspended in one-fifth culture volume of CaCl solution '50 
mM CaCi2. 10 m.M Tris-Cl. pH7.4» and are held at 4 3 C for 30 minutes. The cells 
are again collected by centrifugation and resuspended in one-tenth culture volume 
of CaCl_ solution. Ligatod DXA is added to 0.2 mL of these cells, and the samples 
are held at 4°C for 30-60 minutes. The samples are shifted to 42 C C for two minutes 
and 1.0 mL of LB is added prior to shaking the samples at 37°C for one hour. Cells 
from these samples are spread on plates (LB medium plus 1.5^ Bacto-agan 
containing either ampicillm < 100 micrograms/mL. ug/mLi when selecting for 
ampicilhn-resistant transformants, or spectinomycm < 75 ug/mL) when selecting for 
spectmomycin-rosistant transformants. The plates are incubated overnight at 
37°C. 

Colonies are picked and inoculated into LB plus appropriate antibiotic (100 
ug/mL ampicillm or 75 ug/mL spectinomycm) and are grown at 37°C while 
shaking. 

Cloning and Expression 
DNA isolation and characterization 

Plasmid DNA can be isolated by a number of different methods and using 
commercially available kits known to those skilled m the art. Plasmid DXA is 
isolated using the Promega Wizard™ Miniprep kit ( Madison, WD. the Qiagen 
QIAwell Plasmid isolation kits (Chatsworth. CA) or Qiagen Plasmid Midi or Mini 
kit. These kits follow the same general procedure for plasmid DXA isolation. 
Briefly, cells are pelleted by centrifugation (5000 x g), the plasmid DXA released 
with sequential XaOH/acid treatment, and cellular debris is removed by 
centrifugation (10000 x g). The supernatant (containing the plasmid DNA; is 
loaded onto a column containing a DXA-binding resin, the column is washed, arid 
plasmid DXA eluted. After screening for the colonies with the plasmid of interest, 
the E. coli cells are inoculated into 50-100 ml of LB plus appropriate antibiotic for 
overnight growth at 37°C in an air incubator while shaking. The purified plasmid 
DXA is used for DXA sequencing, further restriction enzyme digestion, additional 
subclonmg of DXA fragments and transfection into E. coli, mammalian rells, or 
other cell tvpes. 



Sequence confirmation 
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Punned plasmid DNA is resuspended in dH.O and us concentration is 
determined by measuring the absorbance at 260/280 nm in a Bausch and Lomb 
Spectronic 601 UV spectrometer. DNA samples are sequenced using ABI PRISM iM 
DveDeoxv™ terminator sequencing chemistry (Applied Biosvstems Division of 

5 Perkin Elmer Corporation, Lincoln City. CA, kits . Part Number 401388 or 40207S) 

according to the manufacturer's suggested protocol usually modified by the 
addition of 5% DMSO to the sequencing mixture. Sequencing reactions are 
performed in a DNA thermal cycler (Perkin Elmer Corporation, Norwalk, CT) 
following the recommended amplification conditions. Samples are purified to 

10 remove "excess dye terminators with Centri-Sep™ spin columns ■: Princeton 

Separations. Adelphia, NJ> and lyophilizcd. Fluorescent dye labeled sequencing 
reactions are resuspended in deiomzed formamide. and sequenced on denaturing 
4.75% polyacrylamide-SM urea gels using ABI Model 373A and Model 377 
automated DNA sequencers. Overlapping DNA sequence fragments are analyzed 

15 and assembled into master DNA contigs using Sequencer DNA analysis software 

(Gene Codes Corporation. Ann Arbor. Ml). 

Mam malian Cell Transection I Production of Conditioned Media 

The BHK-21 cell line can be obtained from the ATCC (Rockville, MD.i. The 
cells are cultured in Dulbecco's modified Eagle media (DMEM/high-glucose), 
20 supplemented to 2 mM (mM) L-glutamine and 10% fetal bovine serum <FBS). This 

formulation is designated growth media. Selective media is BHK growth media 
supplemented with 453 units/mL hygromycin B (CalBiochem, San Diego, CA). The 
BHK-21 cell line was previously stably transfected with the HSV transacting 
protein VP16, which transactivates the IE 110 promoter found on the plasmid 
25 pMON3359 and P MON3633 and the IE175 promoter found in the plasmid 

pMON3360B (See Hippenmeyer et al., Bio I Technology, pp.1037-1041, 1993). The 
VP16 protein drives expression of genes inserted behind the IE110 or IE175 
promoter. BHK-21 cells expressing the transactivatmg protein VP16 are 
designated BHK-VP16. The plasmid pMONlllS (Sec Highkin et al. Poultry Sci., 
30 70: 970-981. 1991) expresses the hygromycin resistance gene from the SV40 

promoter. A similar plasmid, pSV2-hph. is available from ATCC, 

BHK-VP16 cells are seeded into a 60 millimeter (mm) tissue culture dish at 
3 x 10 s cells per dish 24 hours prior to transection. Cells are transfected for 16 
hours in 3 mL of "OPTIMEM"™ iGibco-BRL, Gaithersburg. MD. containing 10 ug 
35 of plasmid DNA containing the gene of interest. 3 ug hygromycin resistance 

plasmid. pMONlllS. and 80 ug of Gibco-BRL "LIPOFECTAMINE"™ per dish. 
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The irivdia is -uh-equentiy aspirated ana replaced with 3 mL of growth media. At 
4> hour- post-iransfi-cnon. media rrom each dish is collected and assayed lor 
activity transient conditioned media' The cells are removed from the dish by 
trypsin-EDTA. diluted 1:10. and transferred to 100 mm tissue culture dishes 
5 containing 10 mL of selective media. After approximately 7 days in selective 

media, resistant cells grow into colonies several millimeters m diameter. The 
colonies are removed from the dish with filter paper (cut to approximately the 
same size as the colonies and soaked in trypsin/EDTA i and transferred to 
individual wells of a 24 well plate containing 1 mL of selective media. After the 
10 clones are gTOwn to confluence, the conditioned media is re-assayed, and positive 

clones are expanded into growth media. 

Expression of chimeras in E. coll 

E. con strain MON105 or JM101 harboring the plasmid of interest are 
grown at 37°C in M9 plus casamino acids medium with shaking in an air incubator 
Model G25 from New Brunswick Scientific (Edison, NJ>. Growth is monitored at 
OD,.v, until it reaches a value of 1.0 at which time nalidixic acid (10 mg/mLj in 0.1 
X XaOH is added to a final concentration of 50 ug/mL. The cultures are then 
shaken at 37°C for three to four additional hours. A high degree of aeration is 
maintained throughout culture period in order to achieve maximal production of 
the desired gene product. The cells are examined under a light microscope for the 
presence of inclusion bodies (IB.'. One mL aliquots of the culture are removed for 
analysis of protein content by boiling the pelleted cells, treating them with 
reducing buffer and electrophoresis via SDS-PAGE \ see Man i at is et ah. "Molecular 
Cloning: A Laboratory Manual". 1932). The culture is centrifuged (5000 x g) to 
pellet the cells. 

Purification 
Isolation of Inclusion Bodies 

The cell pellet from a 330 mL E. coli culture is resuspended in 15 mL of 
soriication buffer (10 mM 2-ammo-2-(hydroxymethyl ) 1,3-propanediol 
hydrochloride (Tris-HCl;, pH 8.0 + 1 mM ethylenediammetetraacetic acid ( EDTAf 
These resuspended cells are sonicated using the microtip probe of a Somcator Cell 
Disrupter < Model W-375. Heat Systems Ultrasonics, Inc., Farmmgdale. New York). 
Three rounds of sonication in sonication buffer followed by centrifu^ation are 
employed to disrupt the cells and wash the inclusion bodies (IB). The first round of 
sonication is a 3 minute burst followed by a 1 minute burst, and the final two 
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rounds ofsonication are for 1 minute each. 

Extraction and refolding of proteins from inclusion bod, pellets 

Ml <t, P , are at 4«C. Angiostatin Kl-4 inclusion bod.es were dissolved in 
6M urea. 5 mM DTT, 50 m M Bis-Tris Propane. pH 10.B at 12 mg/ml. This solution 
5 was stirred for 2 hours and then 6-am,no heroic acid -stock 1M, - - 

achieve a 6 m M concentration, followed by addition of cystine (stock 0.2M. pH 
10 5) to 1 mM. This was stirred for 5 minutes and then the Kl-4 angiostatin was 
diluted to 0.2 mg/ml by add-on of 75 mM Bis-Tns propane, pH 10.5. It was then 
stirred for 72 hours to complete the refolding of the protein. 

10 Purification 

Purification of angiostatin Kl-4 was achieved using a Scpharose-Lys 
affinit v column followed by Q-Sepharose chromatography. The sample was next 
dialvz'ed asainst 50 mM NaP0 4 , P H 8.0 and then filtered through a 1 uM filter to 
clarifv This sample was loaded onto a Sepharose-Lys column equilibrated m 50 
mM NaPO P H 8.0. The load was at approximately 1.5 gm of Kl-4 per ml of ream. 
After loading the column, it was washed with 1 column volume of equinbra** 
buffer and then Kl-4 was eluted using a 10 column volume gradient from 0-8 mM 
6-amino hexanoic acid in 50 mM NaP0 4 , pH 8.0. 

Fractions were analyzed by SDS-gel electrophoresis and/or RP-HPLC and 
pooled. This pool was made 40 mM Tns-Cl, and adjusted to pH It was then 
Llvzed extensively vs. 40 mM Tns-Cl, pH 9.0 and applied to a Q-Sepharose HP 
Mlu »„ (-5 mgs protein/ml resin, equilibrated in the same buffer. Kl-4 was then 
eluted using a NaCl gradient from 0-0.1M in the equilibrating buffer. Fractions 
were analyzed by RP-HPLC and/or SDS gel electrophoresis and pooled. 

In some cases the folded proteins can be affinity-purified using affinity 
reaB ent 8 such as monoclonal antibodies or receptor subumts attached to a suitable 
matnx . Purification can also be accomplished using any of a -, of 
chromatographic methods such as: ion exchange, gel filtration or hydrophobic 
chromatography or reversed phase HPLC These and other protein punncauon 
methods are described in detail in Methods in Enzymology, Volume 1* 'Guide 
Protein Purification" edited by Murray Deutsche, Academic Press. San Diego, 



California, 1990. 
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Th- purified pr;.te-n is analyzed i>y RP-HPLC. dectrosprav mass 
spectrometry, and SDS-PAGE. Tin- protein quantitation is done by amino acid 
composition. RP-HPLC. and Bradford protein determination. In some cases tryptic 
peptide mapping is performed m conjunction with electro spray mass spectrometry 
to confirm the identity of the protein. 

B i o 1 1 ig real A ? s ay s 

Assay for Human Interferon -Induced Antiviral Activity 

Antiviral activity induced by human interferon is measured 
spectrophotometrically as inhibition of the cytopathic effect that normally results 
from infection of Madin Darby bovine kidney cells, CATCC CCL #22), with vesicular 
stomatitis virus (VSV) CATCC VR-158) i Rubinstein et ah, J. Virol. 37 ! 2): 755-758, 
1981). VSV stocks are prepared on mouse L cells (L929 ) ( ATCC CCL# 1). Samples 
of interferon are serially titrated in a 96-well plate format and incubated with 4 x 
10 cells per well, 6 hours prior to addition of virus at a multiplicity of infection of 
0.1 plaque forming units per cell. The cells are stained with crystal violet at 20-24 
hours postinfection and staining is measured spectrophotometrically at 680 nm. 
The relative potencies of the samples are compared with Intron A. a recombinant 
interferon produced by Schering Plough and obtained by prescription. 

Inhibitory effect on Proliferation of Daudi Cells 

Human Burkitt's lymphoma Daudi cells (ATCC) are seeded at 2 x 10 1 cells 
/'well into 96-well tissue culture plates and cells are cultured in the presence or 
absence of serial doses of rhIFN alpha 2b for 3 days. Cultures are pulsed wdth 'H- 
thymidine for the last hour of the culture period, and the ^-thymidine uptake, 
counts per minute (cpmi, measured on a Beta-plate reader. All samples are 
assayed in triplicate. 

Endothelial cell proliferation assay 

The endothelial ceil proliferation assay was performed as described by Cao 
et al. <V. Biol. Chem. 271: 29461-29467, 1996.-. Briefly, human dermal 
microvascular endothelial cells (HdMVEC, Cloneticsi or bovine microvascular 
endothelial cells (BacEnd, Incell) were maintained in MCDB131 containing 5 r f 
heatdnactivaLed fetal bovine serum ' FBS, Hyclone antibiotics, 100 ug/ml heparin 
' Sigma* and 100 ug/ml endothelial mitogen 1 Biomedical Technologies 1 . Confluent 
monolayers at passages 2-5 were dispersed in .0597 trypsin and resuspended in 
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complex medium. Five hundred u! of complete media containing 1.25 x 10' cells 
were seeded into wells of a 24-well tissue culture plate coated with 0.W gelatin 
.Si-ma- The cells were incubated overnight at 37V5* CO.. at which time the 
m ; dia was replaced with 250 ul of media containing «3 FBS and various 
concentrations of inhibitors. After 30 minutes of incubation, 250 ul of media 
containing 1 ng/ml bFGF 'R&D Systems, was added and the cells were incubated 
for an additional 72 hours, at which time they were trypsimzed and counted with a 
Coulter counter. 

Endothelial cell in vitro tube formation assay 

The tube formation assay is performed as previous described .Gately et al.. 
Cancer Res 56:4887-4890, 1996,. The effect of angiogenesis inhibitors can be 
tested in an in vitro anagenesis assay; endothelial cell tube formation on matrix. 
Mam-el 'Becton Dickson) was thawed on ico and diluted 1:1 with MCDB 131 
medium supplemented with 2 mM L-glutamine, containing either buffer control or 
testing compounds. Ahquots of 0.5 ml of 1:1 diluted matrigel were plated into 
individual wells of 2-chambered Tissue-Tek polystyrene slides (Nunc, and allowed 
to polymerize at 37'C for at least 30 mm. Primary bovine capillary endothelial 
cells derived from the bovine adrenal cortex .purchased from Incell) were cultured 
,as described for bovine endothelial cell proliferation,. Following trypsmizatmn. 
the cells were washed three times, then resuspended at 3.5 x 10» cells/ml in 
MCDB131 medium supplemented with L-glutamine and 1% fetal bovine serum 
containing either the same buffer control or testing compounds. The endothelial 
cells (0 5 ml at 3.5 x 10 1 cells /ml) were plated onto matrigel coated wells containing 
the same additives. After incubation for 16-24 hours at 37»C in a 5% C02 
>5 .ncubator. cultures were evaluated for tube formation (sprouting). Random fields 

of each experimental condition were photographed using a Nikon N6006 camera 
under a Nikon Diaphot microscope. The photographs were then quantttated by 
measuring the total length of the tubes. Tube formation can also be quantitated 
u<in" ima*e analysis software. Endothelial cell tube networks were fixed ,n 100* 
methanol at -20X for 7-10 mm. rinsed 4 times with phosphate buffered sahne 
,PBS, and incubated overnight at 4°C with rabbit polyclonal ant.-human Factor 
VHI-related antisen -von Willibrand factor, vWF) -Dako). The next day, the cells 
were stained with a secondary antibody. Cy3-conjugated goat anti-rabbit IgG 
Fl , b -,2 specne 'Jackson ImmunoResearch Laboratories, Tube formation was 
35 visualized using a Nikon microphot-FXA with a fluorescence niter linked to a 

^ ■ - ^ftunro Tube formation was measured as 
computer containing image analyse .ottware. tune 

^ hv r-nrlothclial cell tubes/Total endothelial cell 
follows: Total area encompassed d\ cnuotncuai 
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surtace area. 



E r i d o trie / ; a I c c / / nag? 



The endothelial cell migration assay is performed essentially as previous 
described iGately et al.. Cancer Res. 56:4887-4890, 1996;. To determine the abilitv 
5 of angiostatin to inhibit the migration of endothelial cell-, migration assavs were 

performed in a transwell chamber -Costan containing 8 mm pore size 
polycarbonate membranes. The cells utilized in the assay were either human 
microvascular endothelial cells from Emory or bovine endothelial ceils : kindly 
provided by Gately Northwestern University, Evanston, IL>. The cells were 

10 starved overnight before use in MCDB131 - 0.11 BSA 'human cells) or 

DMEM+0.1 r: i BSA< bovine cells), harvested, and resuspended in the same media at 
10" cells/ml. The lower side of the transwells were coated with 0.T ; gelatin for 30 
minutes at 37°C before addition of 2 x 10"' cells to the upper chamber. The 
transwell was moved to a well containing the chemoattractant ; bFGF or VEGF) in 

15 the lower chamber. Migration was allowed to occur overnight at 37°G. The 

membranes were then fixed and stained, and the number of cells that migrated to 
the lower side of the membrane counted in 3 high powered fields. 

Micro- pocket assay to evaluate a nti -angiogenic activity 

The corneal micropocket assay has been developed to evaluate the anti- 
20 angiogenic activity of test compounds in mice. BALBc or C57BL strains of mice are 

anesthetized with avertin (tribromoethanol. 125 mpk, 0.3-.4 ml/mouse, i.p., 25 ga 
needle). The eyes are topically anesthetized with 0.51 proparacaine. Only one eye 
is used. The eye is proptosed with a small forceps and under an operating 
microscope, a central, intrastromal linear keratotomy is performed with a #15 
25 blade parallel to the insertion of the lateral rectus muscle. A modified cataract 

knife ( 1 x 20 mm) is then inserted to dissect a lamellar micropocket to within 1 mm 
of the temporal limbus. A single Hydron pellet containing either basic fibroblastic 
growth factor or vascular endothelial .growth factor ibFGF or VEGF) is placed on 
the eye and pushed into the pocket with one arm of the forceps. The flap is self- 
30 sealing. Antibiotic ointment (Xeobacimyx) is applied once to prevent infection and 

to decrease irritation of the irregular ocular surface. 

Compounds are administered immediately pusl-operativeiy. They can be 
administered either orally, intraperitoneal^', subcutaneously or intravenously, 
depending on bioavailability and potency of the compound. Dosing is from one to 
35 three times daily for oral compounds, one or two per day for i.p. or s.q., and once 
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pc . r ciav via the tail vein for i.v. delivery. Volumes do not exceed 5 ml/kg orally. 10 
ml/kg i.p. or s.q. or 2.5 ml/kg ,v. All injections are done with a 25 guage needle. 

On post-operative day 5 or 6 the mice are anesthetized with averun Q25 
mpk i P • the ,ves prontosed. and the degree of neovascularization assessed by 
determining the maximum vessel length, and the contiguous circumferential zone 
involved Usin* the formula for the area of an ellipse, the avascular area lS 
measured The animals receive a thoracotomy while still anesthetized, to assure 
euthanasia. Some of the eyes are removed for histology. If blood samples are 
reared for compound blood levels, the mice are bled by cardiac puncture 
immediately following the corneal neovascularization assessment. This .s done via 

,v, with a 1 inch 23 guage needle, and the animal is 
a substernal approach with a 1 men, 0 e 

subsequently euthanized. 

Animals are monitored daily following surgery. Topical proparicaine is 
u,ed a. necessarv to relieve irritation of the affected eye. The maximum number of 
bleeds per rat is four, every third day, although typically only two are required, one 
at day 4 or 6 and one at completion. 

Mouse models for anti-tumor activity 

Several mouse models can be used to evaluate the anti-tumor activity of 
the chimeric proteins; either direct effects on the growth of the primary tumor or 
effects on metastasis. These can be divided into two broad classes: syngeneic 
models of mouse tumor ,n mice, such as the Lewis Lung Carcinoma (Sugiura and 
Stock Cancer Re,. 15: 38-51. 1955: O'Reilly et al., Cell 'Cambric Mass) 79(2): 
31 5-323 1994) and xenograft models of human tumors in nude or severe combined 
immunodeficiency CSCID) mice. Examples of the human tumor xenografts include. 
25 the breast cancer cell lines. MDA-MB-435 (Price, Breast Cancer Research and 

Treatment, 39: 93-102. 1996. and MDA-231 (Sasaki et al., Can. Res. 5a: 3ool- 
35" 1995. the human prostate carcinoma cell line, PC-3 fPretlow et al, Can. Res. 
51 . 3814-3817 1991; Passan.t, et al.. Int. J. Cancer. 51: 318-324, 1992) and the 
human melanoma line M21 (Feldmg-Habermann et al.. J. Clin. Incest.. 89: 2018- 
30 2022, 1992). 

Examples 
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An interior* n alpha 2 b iFXa-2b • irene wa> amp lined from plasmid DNA 
fr .m ATCC clone no. o7^7^ using the primer .set. IF start SEQ ID XO I and IF 
stop ' SEQ ID NO. 2 . 



The primers were designed to include the appropriate restriction enzyme 
recognition sites which allow cloning of the gene into expression plasmids. 
Conditions for polymerase chain reaction 'PCR, amplification were 35 cycles 92°C 
degree, denaturation for one minute, 40°C annealing for one minute and 72°C 
extension for one minute. A 100 ul reaction contained 100 pmol of each primer and 
one ug of template DNA (isolated by Qiagcn Mmiprepj; and Ix PCR reaction 
buffer, 200 uM dXTPs and 0.6 unit Taq DXA polymerase iBoehringer Mannheim). 
The PCR product was digested with restriction endonucleases Ncol and H in dill 
and gel-purified. The vector pMON6S75. encoding a ptac promoter, G10L ribosome 
binding site and P22 terminator, was digested with restriction endonucleases Ncol 
and Hindlll. The digested PCR product and vector fragment were combined and 
ligated. A portion of the ligation reaction was used to transform E. coli strain 
MON20S. Transformant bacteria were selected on spectinomycin-containing 
plates. Plasmid DNA was isolated and sequenced to confirm the correct insert. 
The resulting plasmid was designated pMOX30422. 

Construction of pMON30426 

To optimize expression of IFNa-2b in E. coli, a new gene with an optimized 
N-terminus was amplified from plasmid DNA from prvlOX 30422 usinsr the primer 
set. New IF-A (SEQ ID NO. 3) and IF stop 'SEQ ID XO. 2). 




The primers were designed to include the appropriate restriction enzyme 
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mat was hgat^d to t:iv v-c: r :r..igmc-nt. A portion of the ligation Traction was used 
tf- transform E. coi: K-I2 strain .JM101. Transform arit bacteria were ^ck-cted on 
spectinornycin-containmg plates Piasmid DNA was isolated from a colony crown 
m LB broth containing speetmc mycm and analyzed by restriction analysis. The 
genetic elements derived from piasmid pMON20407 are the pBR327 origin of 
replication, the recA promoter, the gene 10 leader < glO-D ribosome binding site 
joined to human interferon -hlFXi alpha A/D hybrid, the P22 transcriptional 
terminator, and the streptomycin adenyltransferase gene. 

Con struct ion of p M ON 2 0408 

Piasmid DNA from pMON24646-A7 was mutagemzed using the 
QuikChange Site-Directed Mutagenesis Kit from Stratagene * La Jolla. CAo The 
Ncol site that is present in the K3 domain of human angiostatm was removed by 
changing base 714 from A to T with synthetic oligonucleotides HPLGN-CD1 ;SEQ 
ID NO. 19) AND HPLGN-CD2 ;SEQ ID NO 20). The genetic elements derived 
from piasmid pMON2040S are the pBR327 origin of replication, the recA promoter, 
the gene 10 leader (glO-L) ribosome binding site joined to human angiostatin Kl-3, 
the T7 transcriptional terminator and the streptomycin adenyltransferase gene, 

Construction of pMON'20409 

An A T coI site was created at the 5* end of the Kl-3 angiostatin DNA from 
piasmid pMON20408 by PGR using Stratagene's Pfu DNA polymerase and 
synthetic oligonucleotides HANGECSK1 ^SEQ ID NO. 21) and ANGECN3 (SEQ ID 
NO. 22). The PGR reaction was then treated with Taq polymerase t'Boehringer 
Mannheim, Indianapolis, IN), extracted with phenol/chloroform and ligated into 
the pCR2.1 vector using the TA cloning kit from Invitrogen (San Diego. CA). A 
portion of the ligation reaction was used to transform competent E. coli K-12 strain 
INVa F\ Transformant bacteria were selected on ampicillm-containmg plates. 
Piasmid DNA was isolated, analyzed by restriction analysis, and sequenced to 
confirm the correct insert. 

Construction of pMON20410 

Construction of pMON20410, an intermediate piasmid used for 
constructing plasmids containing DNA sequences encoding fusion proteins. 
pMON204lU encodes an IL-3 variant fused 5' to Kl-3 angiostatm with the Gly Ser 
polypeptide linker. The 3551 bp A/7III. Hindlll restriction fragment from 
pMON31250 was iigated with the S12bp A'col. Hindlll restriction fragment from 
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Construction of pMON2042U, which encodes interferon alpha AT) hybrid 
tused 5' t-j the Kl-3 antnustutm with the Gly Ser poiypoptide linker. Piasnud DNA 
from pMOX20410 is digested with the restriction enzymes AVJ and Xmal 
resulting in a 4000 bp vector fragment. Plasmid DXA from pMON20407 is 
digested with Ncol and AccI resulting in a 467 bp fragment that is Iigated with an 
annealed pair of synthetic oligonucleotides IFADINTU.REQ i 5EQ ID NO. 25/ and 
IFADINTL.REQ (SEQ ID NO. 26' and the vector fragment. A portion of the 
ligation reaction is used to transform E. con K-12 strain JM101. Transformant 
bacteria are selected on spectmomycin-conraining plates. Plasmid DXA was 
isolated from a colony grown in LB broth and was analyzed by restriction analysis, 
and sequenced to confirm the correct insert. Other genetic elements include the 
pBR327 origin of replication, the rccA promoter, the gene 10 leader iglO-L; 
ribosome binding site, the T7 transcription terminator and the streptomycin 
adenyltransferase gene. 

Const ru ctionofpM ON 2 0421 

Construction of pMON20421, which encodes Kl angiostatin fused 5' to the 
interferon alpha A/D hybrid with the Gly Ser polypeptide linker. The 3480 bp 
AfllUHindlll restriction fragment from pMOX31251 is Iigated with the 507 bp 
Ncol, H in dill bp fragment from pMON20407. A portion of the ligation reaction is 
used to transform competent E. coli K-12 strain JM101. Transformant bacteria are 
selected on spectmomycin-contaming plates. Plasmid DNA was isolated from a 
colony grown in LB broth containing spectmomycm and analyzed by restriction 
analysis. Other genetic elements include the pBR327 origin of replication, the recA 
promoter, the gene 10 leader <gl0-L) ribosome binding site, the T7 transcription 
terminator and the streptomycin adenyltransferase gene. 

Construction of pMON20422 

Construction of pMON20422, which encodes interferon alpha A/D hybrid 
fused 5' to the Kl angiostatin with the Gly Ser polypeptide linker. Plasmid DNA 
from pMON31252 is digested with the restriction enzymes Ncol and Xmal 
resulting in a 3391 bp vector fragment. Plasmid DNA from pMON20407 is 
digested with Ncol and AccI resulting in a 467 bp fragment that is Iigated with an 
annealed pair of synthetic oligonucleotides IFADINTU.REQ hSKQ ID XO. 25) and 
IFADINTL.REQ (SEQ ID XO. 26 > and the vector fragment. A portion of the 
ligation reaction is used to transform competent E. coli K-12 strain JM101. 
Transformed bacteria were selected on spectmomycm plates. Plasmid DXA was 
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iranmen:. Plasmid pMOX3Q42o. which encode- interferon alpha 2b. was digested 
with the restriction enzymes Xcol and #spHI, resulting in a 447 bp AVoI -BsoHl 
fragment The 447 bp Nc-.A/BspHl fragment from pMOX30426 was heated for 3 h 
with the following pair or' annealed complementary oligonucleotides: 

OHeo #IFXAimU ' SEQ ID XO. 6 < 



Oligo #IFXA:n:L SEQ ID XO. 5> 



The assembled oligonucleotides create BspHl and Xmal restriction ends and 
remove the termination codons from the interferon alpha 2b sequence. This 
fuses the interferon alpha 2b sequence 5' to the GlySer linker sequence <:SEQ ID 
XO. 79). After 3 h ligation, the mixture was added to the 3447 bp Xcol, Xmal 
pMOX31252 DXA fragment and the ligation continued for 15 h. This was used 
to transform E. coli strain JM101. Transformant bacteria were selected on 
spectinomycin-containing plates. Plasmid DNA was isolated from colonies and 
sequenced to confirm the correct insert. 

C on $ t ruction of p M ON 2 ( )4 1 6 

Construction of p\IOX20416, which encodes K1-K3 angiostatm fused 5' to 
the interferon alpha 2b sequence. Plasmid pMON31259 was digested with 
restriction enzymes A/71 1 1 and Hindlll, resulting in a 4017 bp A/7III. Hindlll 
vector fragment. Plasmid pMON30426 which encodes interferon alpha 2b. was 
digested with Axol and Hindlll, resulting in a 507 bp Xcol, Hindlll fragment. The 
restriction fragments were ligated and the ligation reaction mixture was used to 
transform E. uni K-I2 strain JM101. Transformed bacteria were selected on 
spectinomycin-containing plates. Plasmid DXA was isolated from colonies and 
sequenced to confirm the correct insert. 

Co nstruction of p MON3 125 1 

Construction of pMOX31251, an intermediate plasmid used for 
constructing piasmids containing DXA sequences encoding fusion proteins. 
pMOX31251 encodes Kl angio statin fused 5' to the GlySer linker sequence, and 
contains A/71 1 1 and Hindlll cloning sites at the 3' end of the insert DXA. Plasmid 
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The assemb.ed „„ g „nuc,.„t,de S create M »d X™I restnct.on end. and 
removes the term.nat.on codon S from the ang.ostnt.n KX secuence. Th.s fuse, the 
an.ostaf.n Kl s,,„encc to the C,., S er l„ k er sconce .SEQ ID NO*, A^3 
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^* P.ates. PUsmfd DNA -» related from co.onie. and se^nced to 
confirm the correct insert 

20 Construction ofpMON31252 

nf nMON31^ an intermediate plasmid used for 
Construction oi pMUIN,*J.-o*-, 

construct^ plasmtds concarn.n. DNA s,,ue„ces e„=od,n g fus.on protem, 
pM ON31252 encodes Kl an^ostatm fused 3' to the GlySer cod,n g se,ue„ce ,SEQ 
ID NO 79.. Plasm.d pMON31250 was d, g ested with res.r.ct.on enzymes A/H. 
„ and resulting in a 275 hp A/H... -Cor fragment. Plasm, 
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JM101 Transformant hactena were selected on spect.nomycn-con.am.ng plate, 
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insert. 

Construction of pM ON ',11259 

Constructs of pMON31259. an ,n,erm,d,a,e P lasm,d used for 
m „ s ,ruc„„ g Plasmids co„ta,„,n g DNA .e,ue„ce. enc,d,„ g fus.on ^rotem, 
: )3 pMON.3f2.59 encodes domains Kl ,b»* K3 of an.n.^atm fused . .0 the GI>S 
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linker sequence -SEQ ID NO. 79 . and contains A;- 111 and H:>a/III cloning sites at: 
the 3' end of the insert DNA. Pi as raid pMOX3 1 25 0 was digested with restriction 
enzymes A'col and Xnial. resulting m a 32 OS bp Xcol. Xmal vector fragment. 
Plasmid pMON20409 was digested with Xcol and Mfcl. resulting in release of a 
T9S bp Xcol.'Mfel fragment. The T9S bp Xcol/Mfcl fragment from pMON'20409 was 
ligated tor 3 h with the following pair of annealed complementary oligonucleotides: 

Oligo #KlK3mtU < SEQ ID NO. 10) 
Oligo #KlK3intL :SEQ ID NO. 9; 



The assembled oligonucleotides create Mfcl and Xmal sites and remove the 
termination codons from the K1-K3 angiostatin sequence. Thus fuses the 
angiostatm K1-K3 sequence to the GlyScr linker sequence. After 3 h ligation, the 
mixture was added to the 3208 bp Xcol, Xmal pMON31250 DNA fragment and the 
ligation continued for 15 h. This was used to transform E. colt K-12 strain JM101. 
Transformant bacteria were selected on spectinomycin-containing plates. Plasmid 
DXA was isolated from colonies and sequenced to confirm the correct insert. 

Example 4. Construction of plasm ids encoding Kringle domains of 
a naiostatin 

Construction of pMON24624 

A cDXA encoding the heavy chain of human plasminogen ipMON24624, 
SEQ ID NO: 37) was synthesized by polymerase chain reaction (PCR) using the 
oligonucleotide primers hplgn-sl (SEQ ID NO: 104> and hplgn-nl (SEQ ID XO: 
105), and using cDXA synthesized from human liver mRNA as a template. This 
cDXA encodes the signal peptide, N-terminal peptide and the five Kringle domains 
of human plasminogen. The resulting DNA was cleaved with the restriction 
endonuclease Bam HI and ligated into the mammalian expression vector 
pMOX3360B. which had been similarly cleaved. A portion of the ligation reaction 
was used to transform E. coli strain DH10B. Plasmid DNA was isolated from 
am pi cill in-resistant bacterial colonies and analyzed by restriction endonuclease 
cleavage and DNA sequencing to confirm the identity of the cDXA. 

Construction of p M 0X2 4 62 5 



A cDNA encoding the first four Kringle domains iKl-4i of human 
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pWsmm-en <24625.seq. SEQ ID NO: 38, was synthesized by polymerase chain 
reaction (PCR, u„ng the oligonucleotide primers angpcr-sl -SEQ ID NO: 106, and 
angpcr-nl - SEQ ID NO: 107) The resulting DNA was cleaved with the restriction 
endonucleases Ncol and HmdIII and hgated into the mammalian expression vector 
p MON3633 wh.ch had been similarly cleaved. A portion of the ligation reaction 
was used to transform E. coli strain DH10B. Plasmid DNA was isolated from 
ampicillin-resistant bacterial colonies and analyzed by restriction endonuclease 
cleavage and DNA sequencing to confirm the identity of the cDNA. The resulting 
protein expressed from P MON24625 includes the human interleukm 3 signal 
peptide .encoded by vector sequences, fused at the amino terminus of the 
plasminogen Krmgle domains in such a way as to insure secretion of the protein 
product. 

Construction of pMON2462G 

A cDNA encoding the first three Krmgle domains iKl-3) of human 
plasminogen .24626.seq. SEQ ID NO: 39, was synthesized by polymerase chain 
reaction (PCR) using the oligonucleotide primers angpcr-sl (SEQ ID NO: 106) and 
angpcr-n2 (SEQ ID NO: 108). The resulting DNA was cleaved with the restriction 
endonucleases Ncol and HmdIII and hgated into the mammalian expression vector 
pMON3633 which had been similarly cleaved. A portion of the ligation reaction 
oo was used to transform E. coli strain DH10B to ampicillm resistance. Plasmid DNA 

was isolated from bacterial colonies and analyzed by restriction endonuclease 
cleavage and DNA sequencing to confirm the identity of the cDNA. The resulting 
protein expressed from pMON24626 includes the human mterleukin 3 Signal 
peptide (encoded by vector sequences) fused at the ammo terminus of the 
25 plasminogen Krmgle domains in such a way as to insure secretion of the protein 

product. 

Construction of pMON24627 

A cDNA encoding Krmgle domains two through four (K2-4) of human 
olasmmo-en (24627.sec SEQ ID NO: 40) was synthesized by polymerase chain 
reaction ,TCR) using the oligonucleotide primers ang P cr-s2 (SEQ ID NO: 109) and 
angpcr-nl (SEQ ID NO:107). The resulting DNA was cleaved with the restriction 
endonucleases Ncol and Hmdlll and hgated into the mammalian expression vector 
pMON3633 which had been similarly cleaved. A portion of the ligation reaction 
wa< used to transform E. coli strain DH10B to ampicillm resistance. Plasmid DNA 
was Elated from bacterial colonies and analyzed by restriction endonuclease 



30 



16884 PCT I S^8 2<>464 

- 40 - 

cleavage and DXA >-quv:i:mi: to coniirm the identity of the cDXA. The resulting 
protuin expressed from pMuX24627 includes the human interleukin 3 signal 
peptide --ncoded by vector sequences' fused at the ammo terminus of the 
plasminogen Krmgle domains m such a way as to insure secretion of the protein 
product. 

Construction of p M ON 2 4 62 S 

A cDXA encoding Kringle domains two and three (K2-3) of human 
plasminogen f 24628. seq, SEQ ID X'O: 41.) was synthesized by polymerase chain 
reaction (PCR) using the oligonucleotide primers angpcr-s2 'SEQ ID XO: 109) and 
angpcr-n2 'SEQ ID XO: 108 K The resulting DXA was cleaved with the restriction 
endonucieases Ncol and Hindlll and ligated into the mammalian expression vector 
pMOX3633 which had been similarly cleaved. A portion of the ligation reaction 
was used to transform E. coli strain DH10B to ampicillm resistance. Plasmid DXA 
was isolated from bacterial colonies and analyzed by restriction endonuclease 
cleavage and DXA sequencing to confirm the identity of the cDXA. The resulting 
protein expressed from p\IOX T 24628 includes the human interleukin 3 signal 
peptide (encoded by vector sequences) fused at the amino terminus of the 
plasminogen Knngle domains m such a way as to insure secretion of the protein 
product. 

Construction o f pM ON2 4630 

Plasmid pMOX2462 5 was cleaved with restriction endonuclease BamHI. 
The 1161 bp cDXA released by such digestion encodes the first four Knngle (Kl-4) 
domains of human plasminogen fused to the human interleukin 3 signal peptide 
^24625. seq, SEQ ID X'O: 38). The baculovirus expression vector pFastBacl was 
cleaved with BamHl and digested with Shrimp Alkaline Phosphatase to prevent 
recircularization. The cleaved vector and the cDXA were ligated together. A 
portion of the ligation reaction was used to transform E. coli strain DH10B to 
ampicillm resistance. Plasmid DX T A was isolated from bacterial colonies and 
analyzed by restriction endonuclease cleavage and DX'A sequencing to confirm the 
identity of the cDXA. 

Construction of pMON2463 1 

Plasmid pMOX24626 was cleaved with restriction endonuclease B a mYil. 
The 873 bp cDXA released by such digestion encodes the first three Krmgle 
domains (Kl-3") of human plasminogen fused to the human interleukin 3 signal 
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peptide 24626. sea. SEQ ID NO: 39.. The baculovirus expression vector pFastBacl 
was cleaved with Bom HI and digested with Shrimp Alkaline Phosphatase to 
prevent recircularization. The cleaved vector and the cDNA wore hgated together. 
A portion of the ligation reaction was used to transform E. coli strain DH10B to 
5 ampicillin resistance. Plasmid DNA was isolated from bacterial colonies and 

analyzed by restriction endonuclease cleavage and DNA sequencing to confirm the 
identity of the cDNA. 

Construction of pMON'24632 

Plasmid pMON24625 was cleaved with restriction endonuclease BamKl. 

10 The 1161 bp cDNA released by such digestion encodes the first four Kringle (Kl-4) 

domains of human plasminogen fused to the human interleukm 3 signal peptide 
1-24625. seq, SEQ ID NO. 38). The Pichia pastoris expression vector pPIC3 was 
cleaved with Sam HI and digested with Shrimp Alkaline Phosphatase to prevent 
recircularization. The cleaved vector and the cDNA were hgated together. A 

15 portion of the ligation reaction was used to transform E. coli strain DH10B to 

ampicillin resistance. Plasmid DNA was isolated from bacterial colonies and 
analyzed by restriction endonuclease cleavage and DNA sequencing to confirm the 
identity of the cDNA. 

Construction of pM ON24633 

20 Plasmid p.\ION24626 was cleaved with restriction endonuclease BomHI. 

The 873 bp cDNA released by such digestion encodes the first three Kringle 
domains (Kl-3) of human plasminogen fused to the human mterleukin 3 signal 
peptide (24626. seq, SEQ ID NO: 41). The Pichia pastoris expression vector pPIC3 
was cleaved with BamKl and digested with Shrimp Alkaline Phosphatase to 

25 prevent recircularization. The cleaved vector and the cDNA were hgated together. 

A portion of the ligation reaction was used to transform E. coli strain DH10B to 
ampicillin resistance. Plasmid DNA was isolated from bacterial colonies and 
analyzed by restriction endonuclease cleavage and DNA sequencing to confirm the 
identity of the cDNA. 

30 Construction of pMON24636 

Plasmid pMON24627 was cleaved with restriction endonuclease BamUl. 
The 909 bp cDNA released by such digestion encodes Kringle domains two through 
four ( K2-4! of human plasminogen fused to the human interleukm 3 signal peptide 
(24627. seq. SEQ ID NO: 40). The baculovirus expression vector pFastBacl was 
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l' i e a v rr d w ■ t h Bar: HI and tildes: r„- d w 1 t h S h r i n : p Alkali n e I ' n o s p h a t a s e to p r e v e n t 
recircularization. The cleaved vector and the cDXA were ii^att-d together. A 
portion at the ligation reaction was used to t ran storm £". io/i strain DH10B to 
ampiciiim resistance. Piasmid DXA was isolated from bacterial colonies and 
5 analyzed by restriction endc nuclease cleavage and DXA sequencing to confirm the 

identity 

Construction o f p MON2 4637 

Piasmid pMOX24628 was cleaved with restriction endonuclease Bam HI. 
The 621 bp cDNA released by such digestion encodes Krmgle domains two and 
three (K2-3) of human plasminogen fused to the human interleukin 3 signal 
peptide ■ 24623. seq ? SEQ ID XO: 41V The baculovirus expression vector pFastBacl 
was cleaved with BamHl and digested with Shrimp Alkaline Phosphatase to 
prevent recircularization. The cleaved vector and the cDX'A were ligated together. 
A portion of the ligation reaction was used to transform E. coli strain DH10B to 
ampicilim resistance. Piasmid DNA was isolated from bacterial colonies and 
analyzed by restriction endonuclease cleavage and DNA sequencing to confirm the 
identity. 

Construction of pMON24638 

Piasmid pMON24627 was cleaved with restriction endonuclease BamHl. 
The 909 bp cDXA released by such digestion encodes Kringle domains two through 
four -;K2-4) of human plasminogen fused to the human interleukin 3 signal peptide 
1 24627. seq, SEQ ID XO: 40 ». The Pichia pastoris expression vector pPIC3 was 
cleaved wdth BamHl and digested with Shrimp Alkaline Phosphatase to prevent 
recircularization. The cleaved vector and the cDXA were ligated together. A 
portion of the ligation reaction was used to transform E. coli strain DH10B to 
ampicillin resistance. Piasmid DNA was isolated from bacterial colonies and 
analyzed by restriction endonuclease cleavage and DX'A sequencing to confirm the 
identity of the cDNA. 

Construction of pMON24639 

30 Piasmid pMON24628 was cleaved with restriction endonuclease BamHl. 

The 621 bp cDNA released by such digestion encodes Kringle domains two and 
three ( K2-3> of human plasminogen fused to the human interleukin 3 signal 
peptide ( 24628. soq, SEQ ID XO: 41). The Pichia pastoris expression vector pPIC3 
was cleaved with BamHl and digested with Shrimp Alkaline Phosphatase to 
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prevent recirculanzation. The cleaved vector and the cDNA were hgated together. 
A portion of the ligation reaction was used to transform E. coli strain DH10B to 
ampicillm resistance. Plasmid DNA was isolated from bactenai colonies and 
analyzed by restriction endonuclease cleavage and DNA sequencing to confirm the 
5 identity of the cDNA. 

Construction of pM ON24642 

A cDNA encoding the first four Kringle domains (Kl-4*) of human 
plasminogen (24642.seq, SEQ ID NO 42) was synthesized by polymerase chain 
reaction (PCR) using the oligonucleotide primers angec-sl (SEQ ID NO: 103) and 
angec-nl ('SEQ ID NO: 100). The resulting DNA was cleaved with the restriction 
endonucleases Afllll and H in dill and hgated into the E. coli expression vector 
pMON5723 which had been cleaved with Ncol and Hindlll. A portion of the 
ligation reaction was used to transform E. coli strain DH10B to spectmomycm 
resistance. In order to optimize expression in E. coli, the o PCR primer iangec-sl) 
contained degeneracies at the third positions of the first few codons. This resulted 
m a population of plasmids, each encoding the same protein, but with different 
silent mutations in some of the first few codons. Plasmids were isolated from the 
DH10B host strain and used to transform E. coli strain MON105 to spectmomycin 
resistance. Individual isolates were screened for protein expression. Plasmid DNA 
was isolated from bacterial colonies and analyzed by restriction endonuclease 
cleavage and DNA sequencing to confirm the identity of the cDNA. The protein 
encoded by pMON24642 is a somewhat longer version of the Kl-4 encoded by the 
cDNA in P MON24643. 
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Construction of pMON24643 

25 A cDNA encoding the first four Kringle domains (Kl-4) of human 

plasminogen (24643 seq, SEQ ID NO: 43) was synthesized by polymerase chain 
reaction ;PCR) using the oligonucleotide primers angec-s2 (SEQ ID NO: 102) and 
angec-n2 (SEQ ID NO: 99). The resulting DNA was cleaved with the restriction 
endonucleases Afllll and Hindlll and ligated into the E. coli expression vector 

30 pMON5723 which had cleaved with Ncol and HmdIII. A portion of the ligation 

reaction was used to transform E. coli. strain DH10B to spectmomycin resistance. 
In order to optimize expression in E. colL the o PCR primer (angec-s2> contained 
degeneracies at the third positions of the first few codons. This resulted in a 
population of plasmids, each encoding the same protein, but with different silent 

35 mutations in some of the first few codons. Plasmids were isolated from the DH10B 
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host strain and used :rai;sf'jrm £. co/;' strain MOX105 t . spectinornycm 
resistance. Individual isoiato were screened r^r protein expression. Piasmid DXA 
was isolated from bacterial colonies and analyzed by restriction endonuclease 
cleavage and DXA sequencing to confirm the identity of the cDXA. 

5 Construction of pMON24644 

A cDXA encoding domains two and three 1 K2-3 ' of human plasminogen 
' 24644. seq. SEQ ID XO: 44) was synthesized by polymerase chain reaction ;PCR; 
using the oligonucleotide primers angec-s3 tSEQ ID XO: 101) and angec-n3 (SEQ 
ID NO: 9S). The resulting DXA was cleaved with the restriction endonucleases 

10 A/7 1 II and Hindlll and li gated into the E. coli expression vector pMON5723 which 

had cleaved with Ncol and Hindlll. A portion of the ligation reaction was used to 
transform E. coli strain DH10B to spectmomycin resistance. In order to optimize 
expression in E. coli, the 5' PGR primer ( angec-s3 SEQ ID NO: 101) contained 
degeneracies at the third positions of the first few codons. This resulted in a 

15 population of plasmids, each encoding the same protein, but with different silent 

mutations in some of the first few codons. Plasmids were isolated from the DH10B 
host strain and used to transform E. coli strain MO X 105 to spectinornycm 
resistance. Individual isolates were screened for protein expression. Plasmid DXA 
was isolated from bacterial colonies and analyzed by restriction endonuclease 

20 cleavage and DXA sequencing to confirm the identity of the cDXA. 

Construction of pMON24645 

A cDNA encoding Krmgle domains two through four (K2-4) of human 
plasminogen '24645. seq, SEQ ID NO: 45) was synthesized by polymerase chain 
reaction (PCR) using the oligonucleotide primers angec-s3 (SEQ ID NO: 101) and 

25 angec-n2 (SEQ ID NO: 99). The resulting DXA was cleaved with the restriction 

endonucleases A/7 III and Hindlll and hgated into the E. coli expression vector 
pMON5723 which had cleaved with Ncol and Hindlll. A portion of the ligation 
reaction was used to transform E. coli strain DH10B to spectinornycm resistance. 
In order to optimize expression in E. coli. the 5' PCR primer <angec-s3) contained 

30 degeneracies at the third positions of the first few codons. This resulted in a 

population of plasmids, each encoding the same protein, but with different silent 
mutations in some of the first few codons. Plasmids were isolated from the DH10B 
host strain and used to transform E. coli strain MON105 to spectmomycin 
resistance. Individual isolates were screened for protein expression. Plasmid DNA 

35 was isolated from bacterial colonies and analyzed by restriction endonuclease 
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cleavage and DNA sequencing to confirm the identity of the cDNA. 

Construction of pMON'24646 

A cDNA encoding the first three Krmgle domains (Kl-3; of human 
plasminogen (24646. seq. SEQ ID NO: 46) was synthesized by polymerase chain 

5 reaction (PCR) using the oligonucleotide primers angec-s2 (SEQ ID NO: 102) and 

angec-n3 'SEQ ID NO: 98). The resulting DNA was cleaved with the restriction 
endonucleases .4/7111 and HmdIII and ligated into the E. coli. expression vector 
pMON5723 which had cleaved with Ncol and tfmdIII. A portion of the ligation 
reaction was used to transform E. coli strain DH10B to spectinomycin resistance. 
10 In order to optimize expression in E. coli, the 5' PCR primer <angec-s2> contained 

degeneracies at the third positions of the first few codons. This resulted in a 
population of plasmids, each encoding the same protein, but with different silent 
mutations in some of the first few codons. Plasmids were isolated from the DH10B 
host strain and used to transform E. coli strain MON105 to spectinomycin 

15 resistance. Individual isolates were screened for protein expression. Plasmid DNA 

was isolated from bacterial colonies and analyzed by restriction endonuclease 
cleavage and DNA sequencing to confirm the identity of the cDNA. 

Construction of pMON'24648 

A cDNA encoding the first Krmgle domain !KH of human plasminogen 
20 (24648.seq. SEQ ID NO: 47) was synthesized by polymerase chain reaction (PCR) 

using the oligonucleotide primers hangec-skl -SEQ ID NO: 110) and angec-n3 
(SEQ ID NO: 98). The resulting DNA was cleaved with the restriction 
endonucleases Ncol and tfmdIII and ligated into the E. coli expression vector 
pMON5723 which had cleaved with Ncol and HmdIII. A portion of the ligation 
25 reaction was used to transform E. coli strain DH10B to spectinomycin resistance. 

In order to optimize expression m E. coli, the o PCR primer ihangec-skl) 
contained the same nucleotide sequence found in the Kl-3 cDNA in P MON24646. 
Plasmid DNA was isolated from the DH10B host strain and used to transform E. 
coli strain MON105 to spectinomycin resistance. Individual isolates were screened 
30 for protein expression. Plasmid DNA was isolated from bacterial colonies and 

analyzed by restriction endonuclease cleavage and DNA sequencing to confirm the 
identity of the cDNA. 

Construction of pM ON24649 

A cDNA encodinc the first kringie domain of human angiostatm was 
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<\mth^sized hv pnlynurase chair: reaction using th-r pr;mi-r< Hang-ec-sk 1 seq and 
an^--c-n4.>eq us:ng pMOX2464o-A7 as template The resulting DXA was cleaved 
with the restricti-n endonuclea^s X, ul and //.vnilll and heated into the E. coli 
expression vector pMOX5728 which had cleaved with Xcol and H in dill. A portion 
5 "'f tht - J ligation reaction was used to transform E. coli strain DH10B to 

spectmomycm resistance. Piasmids were isolated trom the DH10B host strain and 
used to transform E. coli strain MOX105 to spectinomycm resistance. Individual 
isolates were screened for protein expression. Plasmid DXA was isolated from 
bacterial colonies and analyzed by restriction endonuclease cleavage and DXA 
10 sequencing to confirm the identity of the cDNA. 

Co nstruction a f p MON2 4 65 0 

pMOX24649 was cleaved with Ncol and H in dill releasing the cDNA 
encoding the first Kringle (Kl) of human plasminogen (24649. seq, SEQ ID XO: 
112 ■. The Kl cDX T A was ligated into the mammalian cell expression vector 
15 pMOX3633 which had been similarly cleaved. A portion of the ligation reaction 

was used to transform E. coli strain DH10B to ampicillm resistance. Piasrmd DNA 
was isolated from bacterial colonies and analyzed by restriction endonuclease 
cleavage and DNA sequencing to confirm the identity of the cDNA. 

Construction of p M ON 2 4 652 

pMOX20412 was cleaved with A r coI and Hindlll releasing the cDNA 
encoding the first three Kringles of human plasminogen fused to the IFX alpha 
A/D cDNA. The cDNA was ligated into the mammalian cell expression vector 
pMON3633 which had been similarly cleaved. A portion of the ligation reaction 
was used to transform E. coli strain DH10B to ampicillm resistance. Plasmid DNA 
was isolated from bacterial colonies and analyzed by restriction endonuclease 
cleavage and DNA sequencing to confirm the identity of the cDNA. 

Ex a m pi c 5 . Pu n fi ca 1 1 on of angi o s ta tin 1 1 n tc rfcro n alp h a 2 b ch i meras 

Plasmid pMOX24652, encoding an angiostatm Kl-3/interferon A/D 
chimeric protein, was transfected into BHK/VP16 cells and stable cell lines selected 
30 as described above in the materials and methods ■ Hippenmeyer, P. and Highkin, 

M. Bio/Technology 11: 1037-1041. 1993). Thirty-six clones were isolated and «iv 
clones selected for testing in roller bottles. The concentration of the chimeras were 
determined by ELISA using a commercially-available human IFX'-aipha ELISA kit 
iBiosource -KHC4012 • Clone 15 produced the most chimera. 14.4 ug/ml. while the 
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25 
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i .. & i a ->Q T-> unci 36 each produced 
other five clones produced much less - clones b. i4, ^. — 

1.17, 2.22, 0.04, 0.20, and 1.12 ug/ml. respectively. 

* 50 ml Ivsine sepharose column was pre-couilibrated at 4'C with 50 mM 
sodium phosphate, pH 7.4. About 500 ml of a 12X concentrate of condoned 
serum-free media (SF-BHK, was loaded onto the column at 4>C with a flow rate of 
about 2.5 mL/mm. The column was washed with 50 mM sodium phosphate. P H ,4 
followed bv a wash containing 500 mM NaCl in 50 mM sodium phosphate, P H ,4, 
to remove non-specific binding proteins. The column was then equilibrated back to 
a low salt environment with two column volumes of 50 mM sod.um phosphate pH 
7 4 The desired ch.mera was eluted by washing the column with 200 mM epsdon- 
amino caproic acid in 50 mM sodium phosphate, P H 7.4. Approximately 
fractions were collected and the elution monitored by UV absorption Fractions 4-6 
absorbed significant UV and were combined. These fractions were d.alyzed three 
timea at 4'C against 4 liters of 50 mM sodium phosphate, pH 7.4. and stenle 
Stored. Analytical lysine sepharose chromatography yielded a final concentration 
of about 0.6 mg/ml. 

SDS-PAGE analysis of the purified sample, on reducing and non-reducing 
„els indicated that the chimera migrated at a position close to its expected siz. 
Electron spray mass spectrometry indicated a molecular weight of about ,l.,o6 
20 daltons. indicating that the material isolated from BHK cells is partially 

glycosylated. 

The purified chimera was assayed for endothelial cell migration, in 
triplicate, as described m the materials and methods. The results are shown m the 

table below: 



25 HMEC migration 



Sample 



Cells/HPF 



— " 14.33 ± 3.84 

Media ^ 1C4 r 

190.00 ± 16.46 

VEGF 

T ., , 111.11 ± 2b. 4/ 

VEGF + Intron A(500L/ul) 

131.7S ± 19-90 

VEGF + I FN A/D (500 U/ul) 

44 89 ± 18.48 

VEGF + IFN A/D (5000 U/ul) 

VEGF + Angiostatin K1-K3/IFN A/D 1 0.3 ug/ul) j ^.22 ± b.80 

VEGF - Antriostatin K1-K3/IFN A/D (30 ug/ul) : ^ 11 ± l8 * Dl 

VEGF - Ancaostatm K1-K3 prepared from E. coU^SO^ 
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Intf rtvron aipii.i AD from a c-mmercial spur. 1 '.- G-.-nzymt" and th^ 
an^io-tatirvIFN AT) cnimem w^rt- also tested twice in a Daudi cell proliferation 
assay usin^r a series a:' >-;<ad dilution-, each be^rinnini: at a concentration of 1 n.M. 
The mterieren AD and the anKnostatiri interferon AT) chimera had similar 
inhibition profiles 'Figure 5*. 

All references, patents, or applications cited herein are incorporated by 
reference in their entirety. 
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Tables 



Plasmids 



Plasmid 



SEQ Marker Description 
ID 
NO. 



pFastBacl 



pPIC3 



pMON3360 
B 



Amp, 
Gent 



Amp, 
HIS3 



Baculovirus donor plasmici 
containing multiple cloning site 
downstream of an AcNPV 
polyhedrin promoter within a 
mim-Tn? transposable 
element. 

Pichia pastoris expression 
vector 

Mammalian expression vector 
for use in BHK/VP16 cells 



Source 



Life 

Technologies, 
Inc. 



Invitrogen 
Company 

Hippenmeyer, 
P. and 
Highkin, M. 
Bio/Technolog 
y 11: 1037- 
1041, 1993 



pMON3633 



pMON5723 



pMON68; 



Spec 



5pec 



Mammalian expression vector 
for use in BHK/VP16 cells 

Generic Spec-resistant E. coli 
expression vector containing 
the E. coli rccAl promoter and 
G10L nbosome binding site 

Generic Spec-resistant E. coli 
expression vector containing 
the E. coli recAl promoter and 
G10L nbosome binding site 



This reference 
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tjMONI.jISO 



Amp Intermediate piasmid 

containing an IL-3 variant 
fused to a Glv-Ser polypeptide 
linker 1 SEQ ID NO: 79 >. 
Contains an Xcol site at the 5' 
end of the IL-3 variant coding 
sequences and .4/71 1 1 and 
Hi n dill cloning sites at the 3' 
end of the linker resion. 



WO 97-'129r 



pMON20405 



Spec 3207 bp Xcol/HindUl frag from This reference 

p\ION30426 + 192 bp frag from 
pMON30426 ' A portion of IFN 
alpha) + 315 bp frag from S 
synthetic oligos with 
Bglll/Hindlll ends (D portion 
of IFN alpha ). Creates IFN 
alpha A/D hybrid. 



pMON20407 



Spec 3159 bp N coll Hin dill frag from This reference 

pMON31236 - 507 bp frag from 
pMON20405 i IFN alpha A/D 
hybrid) 



pMON20408 



Spec Removed A r coI site in K3 region This reference 

of angiostatin K1-K3 in 
pMON24646-A7 



pMON20409 



Spec Created Ncol site at the 5' end This reference 

of K1-K3 anciostatin 



OMON20410 



Spec 3551 bp Hindlll 

fragment from pMON31250 + 
312 bp frag from pMON20409 
'creates chimera IL-3 variant 
K1-K3 anciostatin i 



This reference 
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pMON204U 



Spec 3551 bp A/ZIIT, HindlU frag This reference 

from pMON31250 -r 507 bp frag 
from pMON20407 (creates 
chimera IL-3 variant/IFN A/D 
hvbrid) 



pMON20412 



Spec 



pMON20413 #35 Spec 



pMON20414 



#31 



Spec 



pMON20416 #33 Spec 



3695 bp NcoVXmal frag from 
pMON20411 + 797 bp 
Ncol/Mfel frag from 
P MON20409 + 1 pair of 
synthetic oligonucleotides with 
Mfel/Xmal ends (creates Kl- 
K3/IFN A/D hybrid chimera) 

3447 bp A/7III/HmdIII 
fragment from pMON31251 + 
507 bp Ncol/Hijidlll fragment 
of pMON30426 (creates Kl- 
GlySer-IFN a2b hybrid) 

3447 NcoVXmal from 
pMON312b2 + 447 bp 
NcoVBspRl frag from 
pMON30426 + synthetic oligos 
with BspKl/Xmal ends (creates 
I FN a2b-GlySer-Kl hybrid) 

4017 bp AflllUHindlll vector 
from pMON31259 + 507 bp 
iVcoI/HircdIII fragment from 

pMON30426 (creates K1-K3- 

IFN a2b hybrid) 



This reference 



This reference 



This reference 



This reference 



WO ^ 1688^ 



pMOX20420 



4000 bp Xco\ Xnuil Iran from 
pMOX20410 - 467 bp Xcol. 
AccI frag from pMOX20407 - 1 
pair of synthetic 
oligonucleotides with 
AccIAYmal ends ; creates IFN 
A/D hybrid/Kl-K3 angiostatin 
chimera 



pMOX20421 #34 Spec 



3480 bp Afllll/Hindlll frag 
from pMOX31251 + 507 bp 
XcoliHindlll frag from 
pMON20407 creates a chimera 
of Kl/IFN A/D hvbhd 



pMOX20422 #29 Spec 



3491 bp Xc o VXm a I f r a g f r o m 
pMOX31252 + 467 A r coI/AccI 
bp frag from pMON20407 + 1 
pair of synthetic 
oligonucleotides with 
Accl/Xmal ends (creates I FX 
A/D hybridal angiostatin 
chimera) 



pMOX24624 #37 Amp 



Human plasminogen heavy 
chain including the native 
plasminogen signal sequence, 
X-terminal peptide and 
kringles 1-5. Bamlil fragment 
in pMOX3360B. (Amino acids - 
19-537 of plasminogen, 
nucleotides 55-1752- 
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This reierencv 



This reference 



This reference 



This reference 
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pMON'24625 #36 Amp 



pMON24626 #39 Amp 



pMON24627 #40 Amp 



Human angiostatin( S > 
including knngles 1-4 of hPlgn. 
Afllll/Hindlll fragment in 
pMON3633. Seq file includes 
hIL3 signal sequence 
contributed by the vector. 
(Amino acids 79-440 of 
plasminogen, nucleotides 346- 
1431) 

Kl-3 fragment of human 
angiostatin(S) including 
krmgles 1-3 of hPlgn. 
Afllll/Hindlll fragment in 
pMON 3633. Seq file includes 
hIL3 signal sequence 

contributed by the vector. 

(Ammo acids 79-344 of 

plasminogen, nucleotides 346- 

1143) 

K2-4 fragment of human 
angiostatin (S) including 
kringles 2-4 of hPlgn. 
Afllll/Hindlll fragment in 
pMON3633. Seq file includes 
hIL3 signal sequence 

contributed by the vector. 

(Ammo acids 163-440 of 

plasminogen, nucleotides 598- 

1431) 



This reference 



This reference 



This reference 
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p .\ I * X 2 4 6 2 > "4 I Air. p 



pMOX24630 Amp 



pMOX24631 Amp 



pMON24632 Amp, 

HIS3 



pMON24633 Amp, 

HIS3 



pMON24634 Kan, 

Gent 

pMON24635 Kan. 



- 54 - 

I v2 - 3 f r a i r ment ci'hu m a n 
an trios tat irr S - including 
kringies 2-3 uf hPlgn. 
Afilll/Hindlll fragment in 
PMOX3633. Seq file includes 
hIL3 signal sequence 
contributed by the vector, 
i Ammo acids 163-344 of 
plasminogen, nucleotides 598- 
1143: 

Kl-4 cDXA BamKl fragment; 
from pMOX24625 cloned into 
baculovirus transfer vector 
pFastBac 1. 

Kl-3 cDXA (BanHl fragment! 
from pMOX24626 cloned into 
baculovirus transfer vector 
pFastBacl. 

Kl-4 cDX'A c^am HI fragment; 
from pMOX24625 cloned into 
Pichia pastoris expression 
vector pPIC3. 

Kl-3 cDXA [BamHl fragment) 
from pMOX24626 cloned into 
Pichia pastoris expression 
vector pPIC3. 

Kl-4 cDXA (BanRl fragment) 
from pMOX24625 transposed 
into the bacmid bMON14272. 

Kl-3 cDXA (Bam HI fragment > 
from p MUX 24626 transposed 
into the bacmid bMOXl4272. 
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This reference 



This reference 



This reference 



This reference 



This reference 



This reference 



This reference 
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DMON24636 



pMON2463/ 



pMON24638 



pMON 24639 



pMON24640 



pMON24641 



Amp 



Amp 



Amp. 
HIS3 



Amp, 
HIS3 



Kan, 
Gent 



Kan, 
Gent 



pMON24642 



#42 spec 



This reference 



This reference 



K2-4 cDNA iBarnHl fra-ment : This reference 
from pMON24627 cloned into 
baculovirus transfer vector 
pFastBacl. 

K2-3 cDNA (BamUl fragment ) 
from pMON24628 cloned into 
baculovirus transfer vector 
pFastBacl. 

K2-4 cDNA (BamUl fragment ) 
from pMON24627 cloned into 
Pichia pastoris expression 
vector pPIC3. 

K2-3 cDNA (BamUl fragment) 
from pMON24628 cloned into 
Pichia pastoris expression 
vector pPIC3. 

K2-4 cDNA (BamUl fragment) This reference 
from pMON24627 transposed 
mto thebacmidbMON14272. 



This reference 



K2-3 cDNA (BamUl fragment) 
from pMON24628 transposed 
mto thebacmid bMON14272. 

Human angiostatin(E). 

Afmi/Hindlll fragment in 
pMOX5723. The 5' end has 
been mutagemzed for increased 
expression. ['Amino acids 74- 
470 of plasminogen, 
nucleotides 331-1464) 



This reference 



This reference 
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pMON24643 



pMON24644 #44 



pMON24645 #45 spec 



pMON24646 #46 spec 



pMON24648 #47 
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Human an L r K> statin S • Kl-4' 
Ar7 1 1 1 /H i f i d 1 1 1 f r acment in 
pMOX5723. Ammo acids 79- 
440 of plasminogen, 
nucleotides 346-1431) 

K2-3 fragment of human 
angiostatin<S). Afllll/Hindlll 
fragment in pMON5723. 
(Amino acids 163-344 of 
plasminogen, nucleotides 598 
1143) 

K2-4 fragment of human 
angiostatin(S). Afllll/Hindlll 
fragment in pMON5723. 
(Amino acids 163-440 of 
plasminogen, nucleotides 598- 
1431) 

Kl-3 fragment of human 
angiostatin(S). Afllll/Hindlll 
fragment in pMON5723. 
(Amino acids 79-344 of 
plasminogen, nucleotides 346- 
1143) 

Kl fragment of human 
an gi o s t a 1 1 n t S ) . Ncol/Hi ndlll 
fragment in pMON5723. 
f Amino acids 79-184 of 
plasminogen, nucleotides 7 
' 24644A7.seq) -607) 
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Tiiis reference 



This reference 



This reference 



This reference 



This reference 
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pMON24649 #11^ spec 



pMON24650 #48 Amp 



pMON24652 #49 Amp 



pMON30422 #27 spec 
p MON30426 #28 spec 



pMOX31236 



P MON31250 



Spec 



Spec 



Kl fragment of human 
angiostatiniS). Ncol/Hindlll 
fragment in pMON5723. 
(Amino acids 79-184 of 
plasminogen, nucleotides 1-269 
of pMON24646-A7.seq) 

Kl fragment of human 
angiostatin(S). Ncol/Hindlll 
fragment in pMON3633. 
(Amino acids 79-184 of 
plasminogen) 

Kl-3 fragment of human 
angiostatin/IFN A/D 
{Ncol/Hindlll fragment from 
pMON20412) in pMON3633. 

Interferon alpha 2b 

Interferon alpha 2b with 
optimized N-terminal codons 



This reference 



This reference 



This reference 



This reference 



This reference 



S.milar to pMON5723 with the This reference 

exception of the Ncol/Hindlll 

insert 

3159 bp Ncol/Hindlll frag from This reference 
pMON31236 + 413 bp 
Ncol/Hindlll fragment from 

pMON13180 (creates an 

intermediate for making fusion 

proteins in the new spec vector) 
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rjMOX312~.l 



; pec 320S bp XcoI.Xmal fragment of 

pMOX31250 - 255 Xcel/'Earl 
fragment of pMON24649 - 
synthetic oli gos with 
EarLXmal ends creates Kl- 
Gly-Ser hybrid intermediate 
Dlasmid » 



. nis rcterenc 



pMOX31252 



Spec 3552 A/ZIILT/mdlll fragment 

from pMOX31250 + 275 bp 
Xcol/Ht ndlll fragment from 
pMOX24649 i creates Gly-Ser- 
ansriostatin Kl hybrid) 



This reference 



pMOX31259 



Spec 3 2 OS bp Ncol/Xmal fragment of This reference 

pMOX31250 + 798 bp 
Ncol/Mfel fragment of 
pMON20409 + synthetic oligos 
with Mfel/Xmal ends ( creates 
Kl-K3-Gly-Ser hybrid 
intermediate plasmid; 
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SEQ ID Correlation table 




6 
7 

B 
9 

10 
II 
12 
13 
14 
- £ 

^ 6 
17 
13 
19 



23 

24 

25 

25 

? 3 

2S 

29 

3 0 

31 

32 

33 



- : : New IF -A 
Oligo I F AD I NT L 
Gligo IFNAINTL 

oligo ifnaintu 
Gligo K1NT1 
oligo KlNTU 
Oligo K1K3INTL 
Oligo K1K3INTU 
Oligo INFDl 

Oligo IFND2 

Oligo IFN33X 

Oligo IFND4X 

Olig: IFND5 

Oligo IFNDo 

Oligo IFMD7 

Oligo IFND8 

oligo hplgn-cdi 

Cligo HPLGN-CD2 
Oligo HANGFCSKl 
Oil go ANGECN3 
Oligo K1K3INTU 
Oligo K1K3INTL 
Oligo IF AD INTO 
Oligo I FAD I NT L 
30422 . seq 
30426 . seq 
I FN adk.-seq 
IFM adki_3 .seq 
I FN argkl . seq 
IFM arg:-il_3 .seq 



f 20422 } 
(20420) 
(20414) 
( ) 



K1._3IFN arg.seq (2 0416 ^ 



3 4 


F.1IFN ad. seq 


( 2 


35 


K1IFN arg.seq 




3 6 


K1-K3IFN ad.se 


q [2 


3-7 


pHON2452 4 . seq 




3 3 


pNON2 4 62 5_barr. 


seq 


3 9 


oNOM24b2c_bair, 


seq 


4 0 


pi:ON24c27 . seq 




4 1 


pMON2462S . seq 




4 2 


pMON2 4 6 42_3 5 . 


seq 


4 3 


p non24 64 3-cio 


. seq 


4 4 


OKON2 4 3 4 4 -E~ - 


seg 


4 i 


PNON24640-O3. 
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P^poioe --n-or G6S 

93 Pepnoe Ur^er K13 

94 Pepcicie linker Hingei 
5 = Peptide linker Hmge2 



9 6 


1 . i g c r.ar.g ski 


■ 


Oligo hangec_ec_. 


a 5 


Oligo angec n3 




Oli go angec n2 


10 0 


Oil go angec nl 


i '-j — 


Oli go angec s3 




Oligo angec s2 


1C3 


■■^ i ^■H'T^C Si 


124 


Oligo Hclgn^Sl 


1 2 5 


Oli go Hplgn_Nl 


ICS 


Oligo angpcr_sl 


107 


Oligo angpcr_nl 


103 


Oligo angpcr_n2 


10 9 


Oligo ang?cr_s2 


110 


Oligo Hang_Ec_S 


111 


Oligo angec_N4 


112 


24649 . seq 


113 


24649 .pep 
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20 



25 



30 



Claims 

WHAT IS CLAIMED IS: 

1. A multi-functional protein, comprising an ammo acid sequence of the 

5 formula: 

R.-L r R, 
R : -L.-R l 
R -L -R 
R r R,; 

10 R -R. ; and 

R.-R.; 

wherein R. is angiostatin; 

and R. is selected from endostatin, human type I interferon, 
thrombospondin, interferon-inducible protein 10 < IP- 10.). and platelet factor 
15 4; 

and wherein L. is a linker capable of linking R, to R 2 ; 

and said protein can optionally be immediately preceded by 
'methionine 1 ), (alanine"-, ('methionine", alanine 1 ;, (serine (methionine \ 
serine ' (cysteine '), or ( methionine \ cvsteine" 1 ). 



The multi-functional protein as recited in claim 1, wherein R, is selected 
from the group consisting of angiostatin Kl, angiostatin K1-K3, angiostatin 
K1-K4, angiostatin K1-K5, angiostatin K5, and a functional homologue 
thereof. 

The multi-functional protein as recited in claim 1, wherein said type I 
interferon is selected from the group consisting of type I interferon 
variants, interferon alpha 2a. interferon alpha 2b . interferon alpha hybrid 
A/D. consensus interferon, and a functional homologue thereof. 

The multi-functional protein as recited in claim 1, 2, or 3 wherein said 
linker (L.* is one or more peptide sequences selected from the group 
consisting of; 

SEQ ID NO:79. SEQ ID XO:S0, SEQ ID XO:3 1 SEQ ID XO:82. SEQ ID 
XO:S3, SEQ ID NO:84, SEQ ID XO:85, SEQ ID XO:86. SEQ ID XO:87, and 
a functional homologue thereof. 
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5 , The multi-functional protein of claim 1. wherein the ammo acid sequence is 

elected from the group consisting of 

SEQ ID NO:53. SEQ ID NO-.54. SEQ ID NO:55. SEQ ID NO:56. SEQ ID 

XO-,7 SEQ ID NO,58. SEQ ID NO:59. SEQ ID NO:60, SEQ ID NO:61. 
SEQ ID NO-62. SEQ ID NO:63, SEQ ID NO:64. SEQ ID NO:6,. SEQ ID 
NO-66 SEQ ID NO:67. SEQ ID NO 68. SEQ ID NO-69, SEQ ID NO:70. 
SEQ ID NO:7L SEQ ID NO:72. SEQ ID NO:73. SEQ ID NO:74. SEQ ID 

NO:75, 

or a functional homologue thereof. 

6 Use of a multi-functional protein fragment of claim 1 for the manufacture 
of a medicament for therapeutic application to inhibit tumor growth. 

7 Use of a multi-functional protein fragment of claim 2 for the manufacture 
of a medicament for therapeutic application to inhibit tumor growth. 

8 Use of a multi-functional protein fragment of claim 3 for the manufacture 
of a medicament for therapeutic application to inhibit tumor growth. 

9 . A nucleic acid molecule encoding said multi-functional protein of claim 1. 

10 . A nucleic acid molecule encoding said multi-functional protein of claim 2 

U. A nucleic acid molecule encoding said multi-functional protein of claim 3. 

* nucleic acid molecule encoding said multi-functional protein of claim 1, 
.herein sa.d nucleic acid sequence is selected from the group consis ting of 
SEQ ID NO-.27. SEQ ID NO.28, SEQ ID NO-.29. SEQ ID NO:30, SEQ ID 
NO-31 SEQ ID NO-.32. SEQ ID NO:33, SEQ ID NO:34. SEQ ID NO:35. 
SEQ ID NO:36, SEQ ID NO:37. SEQ ID NO.38. SEQ ID NO:39. SEQ ID 
VO-40 SEQ ID NO:41. SEQ ID NO:42. SEQ ID NO:43, SEQ ID NO:44, 
SEQ ID NO:45, SEQ ID NO:46. SEQ ID NO:47. SEQ ID NO:48. SEQ ID 
NO: 49, 

or a combination or a functional homologue thereof. 

* method of Producing a multi-functional protein comprising: growing 
und er suitable nutrient conditions, a host cell transformed or transfected 
with a ropl.cable vector comprising a nucleic acid molecule of claim 9. 10. 
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II. or 12 :n a manner ail-wing expression of said m u lu -I unction a i protein 
and recovering said multi-functional protein. 

A pharmaceutical composition comprising a therapeutically effective 
amount of the multi-functional protein according to claim 1, 2. or 3 and a 
pharmaceutically acceptable carrier. 

The pharmaceutical composition of claim 14 further comprising an 
adjunctive agent, wherein said adjunctive agent is a selected from the 
group consisting of chemotherapeutic and immunotherapeutic agents. 

A method of treating a human patient with an angiogenic-mediated 
disease, comprising administering to the patient with an angiogenic- 
mediated disease an effective amount of multi-functional protein of claim 1. 

The method of claim 16, wherein the angiogenic-mediated disease is 
selected from the group consisting of cancer, diabetic retinopathy, macular 
degeneration, and arthritis. 

A method of modulating tumors in a patient comprising the step of; 
administering an effective amount of the multi-functional protein as 
recited in claim 1, 2, or 3 to said patient. 

A method of inhibiting the production of tumor cells in a patient 
comprising the step of administering an effective amount of the multi- 
functional protein as recited in claim 1, 2, or 3 to said patient. 

The method of claim 19, wherein the tumor cell is characteristic of one 
selected from the group consisting of lung cancer, breast cancer, ovarian 
cancer, prostate cancer, pancreatic cancer, gastric cancer, colon cancer, 
renal cancer, bladder cancer, melanoma, hepatoma, sarcoma, and 
lymphoma. 

A method for treatment of a patient having a solid tumor, comprising the 
steps of; 

' a 1 measuring tumor size; 

'b> administering an effective dose of multi-functional protein in a vehicle; 
and 
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;C ) periodically monitoring reduction in tumor size. 

2 , , method of human gene therapy, comprising delivery of a gene delivery 
vehicle to ceUs in or ad.iacent to a tumor, said vehicle encoding a mult, 
5 functional protein. 

2 o , method of claim 22. wherein said vehicle is a vector comprising a nucleic 
acid encoding a polypeptide capable of inhibiting tumor growth. 



10 24. 



A method of claim 22, wherein said multi-functional protein is selected 
from the group of proteins as recited in claim 1, 2. 3, 4, or o. 



25 . A gene therapy vector comprising a nucleic acid encoding a polypeptide 
capable of inhibiting tumor growth. 

15 , 6 A co m po S ,«>o„ c„„ 5iS „» 8 of a tberapeut.caUv effect,™ do,, of a ^ «" 

" encode a pOpept.de capable of mbibi** tumor p^b m 

physiologically tolerable diluent. 

20 27 . A gene therapy vehicle of claim 26 that is Ivophilized. 

98 A *ene therapy vehicle of claim 26 that is dehydrated. 
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Figure 5 

Proliferation of Daudi cells in the presence of interferon AID 
and an interferon AJD Kl-3 angiostatin chimeric protein 
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- . .... t .... T.-' r-./j Ar- Asn Pro Asp 
50 Lvs Pro Pro Asn Lys ,vr. ..eu ■ 

- z r. - " - 

115 

Aro 11. ^ Ary Pro Tro Cys Pre Tnr Tr.: Asp Pr: .so . ys **'• ' ^ 

1£A :v; 

Pro Pr- P-r G oy 



RNSDOC1D- <WO 991 6889A1 > 




3NSDOCID- <WO ?9^689A1> 



WO 99/16889 



- 29 - 



PCT L S98 2(1464 



10 



15 



20 



30 



35 



40 



45 



^ . ■ , . - • ; •.: Pro rr-: Pro ■ ■ ■ ■ ' : 

Pro Tnr Tyr Cln Cy, L.u - , : -U 1 y T:,r TV G 1 - -Yr ^ -1/ Asn 



19: 



V3 ; v.,1 Tr.r V*l . r Cly K:s Tr.r Cys Gir. ills Trp -r A.. C.r. 

210 215 
. . his Tr.r -s Asr. Ar; :.r Pro 1-^ Asn ?r-. fe P:c "ys 

T_ : -, r , 

"I" clu A sr. -:vr Cys Arg Pro Asp Gly Lys ^ 

545 250 ^ ^ 

r-«= His Thr Thr f.sr. Ser Gin Val Arg Trp Glu Tyr Cys Lys :.e «o 

~) 1 ^ 

260 

Cvs AS, Ser Ser Pro Val Per Thr Glu Gin Leu Ala 

275 280 



2 10> 6 6 
211> 297 

12> human 



M .r SeTZl Leu Pro Val Leu Leu Lou Lou Gin Leu Lou Val Ar, Pro 

5 10 ^ 

->.,,. rl .. -, 5 j/^ v; i3 cvs Ser Gly Glu Asn Tyr Asp 
Ala Met Ser G-u Gi- -j s ^ - ■ . 

2 5 ^ ^ 

cly Lys He sir Lys Tnr Met Ser GLy Leu Glu Cys Gin Ala Trp Asp 

4 0 

c,. «- R ser Pro His Ala His Gly Tyr lie Pro Ser Ly, Ph* Pro As, 

5 5 60 
a! Leu Lys Lys Asn Tyr Cys Ar, Asn Pro Aso Arg Glu Leu Ar, 

I", t-o rys Phe Thr Thr Asp Fro Asn Lys Arg Trp Glu Leu Cys Asp 

F 5 90 * = 

Ile Pro Arg Cys Cnr Thr Pro Pro Pro Ser Ser Gly Pro Thr Tyr Gin 

: - 1 i 0 

r „ L =u Lys Z Thr Gly Gl, Asn Tyr Arg Gly Asn val Ala Val Tnr 
" 115 

130 

His Asr. Arg Thr Pro Glu Asn Pne Pro Cys Lys Asn Leu Asp C.u 
1,5 

^ -s Arc, Asn Pro Asp Gly Lys Arg Ala Pro Trp Cys His Thr Tnr 

165 170 

, - - ' c 1'7 o Ser Cvs Asp o-^r 
^.n Ser GLr. Val Arg rrp -.-ru - /' -/» -u- - 

1=0 155 

3 -r Pro Val Ser Thr Gl, Gir. Leu Ala Pro Tr.r Ala Pro Pro G-u ueu 

155 2C= 
T >., val Val Gin Asp Cys Tyr r.Ls Cly Asp Gly Gin Ser .yr 

:i: ::5 

- — .-."i ;-er Trrj i^er 
G-v Tr.r 3er Ser TLr Tr.r Tr;r . ::r * — 

. _ - ■ 5 - 

^ .... - ^^-c -lu Asr. Tyr Pro Asn 

Ser Men Tnr Pro His ~rg — - 



:-u ::ir A.?r. "c/r Pys Arg A::r. 



\ :■ Ala Asr Lys Gl 
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L y A: "i . /r A up Vy> 0\e. ••• 0- 1 1 - J - - ■' :> ' L ^ "' " ' " ' " 

t b ' 
H1S v . •,; G.v Glu - .:• : /: A:::.. Ay Lys XL- S~r Lys Tnr TV ^ 

y; v Lea Glu Cys Gin Ala Trp Asp Gin ier Pro Alu Hi- Gly 

115 12'- — 

Tyr p r -j t er Lys Pre Pre Lys As:. Le- Lys Tvs As:. : -ys 

1 - 1 2 5 ^ ^ 3 1 

10 Ara Asn Pro Asp Arg Clu leu Arg Pro ?rp Gys Phe Thr Thr Asp Pro 

145 150 -5 160 

Asn Lys Arg Trp Glu Leu Cys Asp lie Pro Arc Cys Thr Thr Pre Pre 

165 200 
oro Ser Ser Civ Pro Thr Tyr Ola Cys Leu Lys Gly Thr Gly CAu Asa 

ISO IBS 
Tvr Arg Gly Asa Val Ala Val Thr Val Ser Gly His Thr Cys Gin His 

195 2^1 215 

Cro Per Ala Glr. Thr Pro His Thr His Asn Arg Thr Pro Glu Asn ?he 

210 P-lb 220 

Pro Cys Lvs Asn Leu Asp G.u Asn Tyr Cys Arg Asn Pro Asp Gly Lys 

235 240 

A :, - - - 

Ara Ala Pro Trp Cys His Tnr Thr Asn Ser GLn Val Arg Trp Glu Tyr 

c. = 

2 4 5 - - ,J 

CVs Lvs He Pro Ser Cys Asp Ser Ser Pro Val Ser Thr Glu Gin Leu 

260 2£5 270 

Ala Pro Thr Ala Pro Pro Glu Lou Thr Pro Val Val Gin Asp Cys Tyr 
275 250 285 

Glv Asa Gly Glh Ser Tyr Arg Gly Thr Ser Ser Tar Thr Tnr Thr 
290 295 2C0 

,-i v Ly « - vs rvs Gin Ser Trr> Ser Ser Met, Thr Fro His Arg His Gin 
' 510 315 320 

Lys Thr Pro Glu Asa Tyr Pro Asn Ala Gly Leu Thr Met Asn lyr Cys 

525 330 315 

Arg Asn Pro Asp Ala Asp Lys Gly Pro Trp Cys Pne Thr Thr Asp Pro 
35 340 345 350 

S-r Val Arg Trp Glu Tyr Cys Asn Leu Lys Lys Cys Ser Gxy Thr elu 

555 360 365 

Ala Ser Val Val Ala Pro Pro Pro Val Val Leu Leu 
370 375 350 

40 

•. 1 1 1 • 5 9 

<211> 364 
•^li> PPT 
1 1 " • h urn an 

<4 03'> 0 0 

» ez 3 er Val lyr Leu Ser Glu Cys Lys Thr Gly Asn Gly Lys Asa Tyr 

- 23 

1 2 

Arg Gly Thr Kes Ser Lys Tnr Lys Asa Gly lie Thr Cys Gin Lys Trp 

50 

Oer Sor Thr Se 

3, 4 1 - 

3er g: u Gly Leu Glu Glu Asn Tyr Gys Arg Asa Pro Asp As:. Asp ?r- 



30 



45 



^er Pro His Arg Pro Arg Pre Ser nro Ala Tnr His Pre 
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10 



15 



. : o 1 : . 



ly ;to Tnr Tyr G i r. 



A;-:, T y r Ar g Civ As:. Aid ':a 1 Thr Va! 

ioo no 



Leu Lys Oly 

3e: Gly His rhr Cys c;lr. iiis Trp Ser Ala Gir: Ihr Pro His Tnr His 



: ::: Ar-r Thr Pro Giu A sr. Phe Pro Cys Lys A .sr. Leu Asp Glu A^r: u/r 

120 135 140 

Cys Ar? Asn Pro Asp Gly Lys Arg Ala Pro Tro Cys His Thr Tar Asn 
145 i^C 155 169 

Her Gin Va 1 Arg Trp Glu Tyr Cys Lys lie Pro Ser Cys Asp Ser Ser 

165 170 1~5 

Pro Val Ser Thr Glu Gin Leu Ala 
180 



20 



<>:io> 7 1 

<211> 2 50 

<212> P?.T 

< 0 1 3 > human 



30 



35 



40 



45 



50 



<400> 71 

Mp: Her Glu Glu Glu Cys Met His Cys Ser Gly Glu Asn Tyr Aso Gly 

- 0 10 15 

Lys He Ser Lys Tnr Keo Ser Gly Leu Glu Cys Gin Ala Trp Asp Ser 

2 0 2 5 3 0 

Gin Ser Pro His Ala His Gly Tyr lie Pro Ser Lys Phe Pro Asn Lys 

25 40 45 

Asn Leu Lys Lys Asn Tyr Cys Arg Asn Pro Asp Arg Glu Leu Arg Pro 

50 5 5 50 

Trp Cys Phe Thr Tnr Asp Pro Asn Lys Arg Trp Ciu Leu Cys Asp He 
65 7 5 75 ?5 

Fro Arg Cys Thr Thr Pro Pro Pro Ser Ser Gly Pro Thr Tyr Gin Cys 

3 5 9 0 - 5 

Leu Lys Gly Thr Gly Ciu Asn Tyr Arg Gly Asn Val Ala Vai Thr Val 

100 105 HO 

Ser Gly His Tnr Cys Cin His Trp Ser Ala Gin Thr Pro His Tnr His 

115 120 125 

Asn Arg Thr Pro Giu Asn Phe Pro Cys Lys Asn Leu Asp Glu Asn Tyr 

13 0 13 5 1^3 

Cys Arg Asn Pro Asp Gly Lys Arg Ala Pro Trp Cys His Thr Thr Asn 
14 5 150 155 150 

Ser Glu Val Arg Tro Glu Tyr Cys Lys lie Pro Ser Cys Asp Ser Ser 

165 170 - 5 

Pro Vai Ser Thr Glu Gin Leu Ala Pro Tnr Ala Pro Pro Glu Leu Tnr 

" - o 15 5 1-5 

Pro Val Va 1 Gin Asp Cys Tyr His Gly Asp Gly Cin Ser Tyr Org Gly 
oo 5C5 

Cvs Cin Ser Tro Ser Ser 



ir Per Oer Gr.r Tr 



ir Thr Gly Ly 



.;ec Tnr Pro His Arg His Gin Lys Tnr Pro Giu Asn Tyr Pro Asn Ala 

125 52i 53= 54: 

Oly Leu Tnr Kit Asn Tyr Cys Arg Asn Pro Asp Ala Asp ...ys 0-y Pro 

105 
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a ; v :iy : s-; • • - ■ ■■■ - - / : - - : •' 1 •• " ;1 - r - : T ^ 

j.- f r v. : -r Tnr .:^r Pro -h.s Arq Pro Arg rnc- Gr-r Pre A 1 -a Tnr Hi:-: P r o 

4 J 4 

5 o^r G.u G 1 7 Leu Glu Glu Asn Tyr Cys Arq A::n ?iu Asp Asn Asp 

SO 5 0 6 0 

Gin C-ly i ro Trp ' ys Tyr Tr.r Thr Asp Pr. 0 os Lys Ax 7 Tyr Asp Tyr 

65 ^ ^ 

Gys Asp Tie L~u Glu Cys Glu Glu Gin 

10 55 

■:210> 74 

■u2 11> 1C6 

■:2 12> PRT 

15 -213> h'j^an 

:40u.> ^4 

Men. Se: Arq Leu Pro 7=1 Leu Leu Leu Leu Gin Leu Leu Vai Arg Pro 
i 5 • - ^ 

20 Ala Met Ala Gal Tyr Leu Ser Glu Cys Lys Tr.r G Ly Asn Gly Lys Asr; 

2 C 5 5 3 0 

Tvr Arn Gly Thr Me:. Ser Lys Tr.r Lys Asn G;.y He :hr Cys Gin Lys 

35 40 45 

Trp Ser Ser Thr Sor Pro His Arg Pro Arg Fhe Ser Pro Ala Thr His 

25 5 0 3 5 50 

p ro 5 tr clu Gly Leu Glu Glu Asn Tyr Cys Arc Asn Pro Asp Asn Asp 
65 00 7S - 0 

Pro Grri Glv Pro Trp Cys Tyr Thr Thr Asp Pro Glu Lys Arg Tyr Asp 
35 30 95 

30 Tyr C > 3 Asp Tie Leu Glu Cys Glu Glu Glu 

100 1-5 

: IIP • 75 
<2 11> 4 70 

35 ■ '■- - ?RT 

<2lJ> r.urr.an 
<400> 75 

Mc: Ger Arq Leu Pro 7al Leu Leu Leu Leu Gin Leu Leu 7al Arg Pro 

40 1 5 13 13 

Ala Mer A^a 7a. Tyr Leu Ser Glu Cys Lys Tnr Gly Asn Gly Lys Asn 

2 C 3 5 j - ; 

Tyr A-g Gly Tnr Mes Ser Lys Thr Lys Asn Gly Tie Thr Cys Gin Lys 

3 5 "I C -3 5 

45 Trp Ser Ser Thr Ser Pro His Arg Pro Arg ?he Ser ?r-j Aha Tnr His 

z j 5 5 6 0 

Pre Ser Glu Sly Leu Glu 31 j Asn Tyr Cys Arq Asn Pre Asp Asn Asp 

65 50 "5 60 

Pro Tin Gly Pro Trp Cos Tyr Tnr Tnr Asp Pre Glu Lys Arg Tyr Asp 

50 65 vC 55 

Cyr lys Asp Tie Leu Tie ys Olu Glu Glu v. 0 . , Ovs Ser Gly 

10C A5 115 
G 1 a Asn Tyr Asp Gly Lys Tie Ser Gys Tnr Xes S~r Gly Leu Glu Cys 
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F-.ue ■ u G :. A _ , Ar^ A-* 7*1 :. , l-u 71/ -Jr.: Lue A:G Ala 

■<,: 11 4 2 

Too 2cr 2-er Arg >u Glr. Asp Le.; Tyr lie V- Arg Arc Ala 

- r c 5 2 0 

Aso Arg Ala Ala 7a 1 ?:o lie Val Asn LiJ Lys Asp Glu Leu Leu Phe 

71 75 ?C 

Pro 2or Trp Glu Ala :.eu Pne S?r Cly ■ u Glu Gly Pro leu 7 /:: 2ro 



45 



50 



3 5 



70 S* = 



10 Glv Ala Arg He Pne Ser Pne Asp Gly Lys Asp 7a 1 Leu Arg His Pro 

100 135 11- 

Tr.r Trp Pro Gin Lys Ser Val Trp His Gly Ser Asp Pre Asn Gly Arg 

115 120 125 

Arg Leu Thr Glu Ser Tyr Cys Glu Thr Trp Arg Thr Giu Ala Pro Ser 
15 130 135 14C 

Ala Tr.r Gly Gin Ala Ser Ser Lou Leu Gly Gly Arg Leu Leu Gly Gin 
145 150 155 160 

Ser Ala Ala Ser Cys His His Ala Tyr He Val Leu Cys lie Glu Asn 
165 170 l 7 ^ 

20 Ser ?he Mel Thr Ala Ser Lys 

■:2 10> 77 

■Till:- SIC 

25 '212 ■• ?PLT 

: 1 ". • • human 

G0C> 07 

MoP Glu His lys Glu Val Val Leu Leu Lou L.eu Leu ?he Leu Lys Ser 

30 i 5 10 15 

Gly Gin Gly Glu Pro Leu Asp Asp Tyr Val Asn Thr Gin Gly Ala Ser 

20 25 3C 

Leu ?ne Ser Val Tnr Lys Lys Gin Leu Gly Ala Gly Ser lie Glu Glu 
35 40 4 5 

35 cys Ala Ala Lys Cys Glu Glu Asp Glu Glu Phe Tnr Cys Arg Ala Pne 

5C ^5 60 

Gin Tyr His Ser Lys Glu Gin Gin Cys Val Tie Met Ala Glu Asn Arg 
65 70 75 30 

Cys Ser Ser lie He He Arg Me: Arg Asp Val Val Leu Pne Glu Lys 
40 55 90 95 

Lys Val Tyr Leu Ser Glu Cys Lys Thr Gly Asn Gly Lys Asn Tyr Arg 

100 105 12C 

Gly Thr Y.oz Ser Lys Thr Lys Asn Gly lie Tnr Cys Gin Lys Trp Ser 



L 1 5 



125 



, r Thr Ser Fro His Arg Pro Arg Phe Ser Pro Ala Tnr His Pre 



150 



14 0 



Glu Gly L*u Glu Glu Asn Tyr Tys Arg A, n Lo Asp Asn Asp Pro Gin 

- 5 r 122 
Glv Pro Trp Cys Tyr Tnr Tnr Asp Pro Glu Lys Arg Tyr Asp Tyr Cys 

y 5 1-0 
Asp He Leu 21,; cys Glu Glu Slu Cys Ms- 7 His Sys Ser Sly G - Asn 

1B 0 L5 2A2 

Tvr Asp Gly Lys Tie Gar Lys Tnr Mas Z<= r Gly Leo Sin Sys Gin Ala 
2 7- 5 -'■ " : ■ 2 " 1 
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2ys -j:, --e Prr A:- sys _;-.r rr: 2 r : :- r 3 ■: 3ly Pr: Tr.r 

2 *"' 2 - ; ^ ~ ~ " 

Tyr A' ; 1 r. 5ys Leu Lys Aly 2rr 32y .• 1 : As:. Ayr Arg G2y .'.?r. Als 

10 2-5 : = 222 

A'al Tr.r 1 Per Ay H i s: Tr.r Cys 21r. H i s T r p ; : er .A 1 a 231 r. Tr.r Pro 

1 9 :■ 2-5 

His Tr.r His As:. Arg Tr.r 01- Asa Pr.e I- : • y s Ays Asa Pen Asa 

: , z 2 i o :i- : : : 

15 2-lu A. sr. Tyr Pys Ara As:: A: Asp 3 1 y Lys Ar;- Al ^ P r Trp Tys His 

3 2 2 2 2 2 3 2 2 

Tr.r Trr Asn Per 2 1 r. Val A:: Trp Jiu Tyr Tys Lys l.e Pro Per Cys 

345 34 3 352 

Asp 2s r 3er Pre A' a 1 .Ar Tnr Clu Air _oa .A 1 a Pro Thr A. 2 a Pro Prs 

20 3 2- : 2 

V . 3rU Tnr Pro Val A'al Tin Asp '•/:. Tyr K i s 2-1 y Asp Gly 'As Se: 

2 " : 2 • "5 j - 2 

Tyr .Arg Ply Tnr Per Per Tnr Tnr Ar.r Tr.r Gly Lys Lys Tys Pin Per 

325 2 92 2 95 403 

25 Prp Per 2er Me: Tnr Pro K i s Ara His 21 r. Lys Thr Pro 32u Asn Tyr 

435 415 412 

Arc A s n Ala (21 y L e u 3' n r M e s Asn T y r T y s A: g A s n 1 r s .A s p Ala A. s p 

420 425 42 5 

Lys G2y Pro Pro Cys Pne Tnr Thr Asp Pro Per A'a 1 Ara Trp G2u Tyr 
30 435 440 445 

Cys Asn Peu Lys Lys Tys Ser Gly Tnr 32n A2a Per AAal A'al Ala Prs 
' ~ ,~ ~ ~ • z ^ 

1 J '-i _ - 4 Zj 

t j ro Pro AAal Val Leu Pen Pro Asp Val 5 In Tnr Pro Per Glu Gin Asp 

4-5 4 - 475 4P2 

35 Tys Mes ?he G2y Asn Gly Lys G2y Tyr Arc Gly Lys Arg A2a Ar.r Tnr 

425 490 495 

Val Tnr Gly Thr Pro Cys Gin Asp Trp Asa Ala Gin 2 3: Pre His Arg 

5 2 2 5 1: 5 5 1 1' 

Hi= Per lie Pne Tnr Pro Glu Tnr Asn Prs Arg Ala Gly Leu Glu Lys 
40 515 520 525 

Asn Tyr Cys Arg Asn Pro Asp Gly Asp 'Pal Ply Gly Pro Trp Pys Tyr 

213 525 54 3 

PA' Thr Asn Pro Arg Lys Leu Tyr Asp Tyr Cys Asp A'a 1 Pro Gin Cys 

24s 55 3 535 50 2 

45 Ala Ala Pre Ser Pne Asp Tys Gly Lys Pro Gin A'al 31 u Pro Lys Lys 

5 3 5 5^2 = " 

Cys Pr;; 3 2y Arg A'a 2 A'a 2 3 2y Py 3ys A'al Ala Pis Pro P:s Per Trp 
SAP - 2 r - ~ - ■ 



50 595 



3a2 .:er L-u Arg Inr Arq P:.e 31v y..: iiis Pre "ys 



.o Am -a. _o^ Ar.r A-- A. a Pls Cys Pes 



uys Per Pro Aro Pro Per • • r .yr Pys A' : : 1 lie 3eu 32/ A2a H : ; 
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Le u One Glu Pr: Tor Arg Lyfi Asp He Ala Lu-u Lys Ce i Ser 

hoi ^3 ^ 

5 Gcr Pro. Ala VH lie Thr Asp Lys Val I]- AH Cys Leu Pro ier 

6H 65'; 6^5 

Pro As:: Tyr VcA Va 1 Ala Asp Arg Thr G j u cys ?ne I le Thr Gly Trp 

6 1 1 ^5 H C 

, ; . gv^ yhr Gl;: Gly Thr Pne Cly A : Gly Leu Lc-Li Lys Glu Ala Gin 

10 70S VIC '15 720 

Leu Pro Veil Ho Glu Asn Lys Val Cys Am Arg Tyr Giu Phe Leu Asn 

725 7 3 0 735 

Gly Arg Val Gin Scr Thr Giu Geu Cys Ala Gly His Leu Ala Gly Gly 

7 4 0 74 5 7 5 0 

15 Thr Asp Ser Cys Gin Gly Asp Ser Gly Gly Pro Leu Val Cys ?ne Glu 

7 5 5 1 6 C 765 

Lys Asp Lys Tyr He Lgu Gin Gly Vol Thr Ser Trp Gly Leu Gly Cys 

7 7 0 "75 7 3 C 

Ala Arg Pro A:n Lys Pro Gly Val Tyr Va. Arg Vai Ser Arg Phe Vai 
20 735 790 795 3C0 

Thr Trrj lie Glu Gly Vai Met Arc Asn Asn 
3 0 5 310 

<210> 78 
25 H1L> 13- 

■:2i2> PPT 
:2 13> nam an 

■:40C> 73 

30 Gly PrD Tnr Gly Thr Gly Glu Ser Lys Cys Pro Lgu Met Vai Lys Val 

I 5 10' 15 

Leu Asp Ala Val Arg Gly Ser Pro Ala lie Asn Val Ala Vai His Vai 

2 0 2 5 3 0 

Phe Arg Lys Ala Ala Asp Asp Tnr Trp Glu Pro Phe Ala Ser Gly Lys 
35 35 40 45 

Tnr Ser Giu Ser Gly Giu Leu His Gly Leu Thr Thr Giu Glu Glu Pne 

50 55 6C 

Vai Giu Gly lie Tyr Lys Val Giu lie Asp Tnr Lys Ser Tyr Trp Lys 
65 70 75 80 

40 Ala Leu Gly lie Ser Pro Pne His Glu His Ala Giu Vai Vai Pne Tnr 

95 90 
Ala Asn Asp Ser Gly Pro Arg Arg Tyr Thr He Ala Ala Leu Leu Ser 

100 105 HO 

Pro lyr Ser Tyr Ser Thr Thr Ala Va 1 Val Thr Asn Pro Lys Glu 
45 H5 135 — 5 

<2 10> 7 9 
2 i 1 > 13 
HH> PPT 
50 <213> human 

•; ; : > 

Lyr val Hu Sly Gly Gly Gly Ser Pro Gly Giy Gly Ser Gv/ Hy uv/ 
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??2T 



; 11> nu^dr 



10 



<400> 33 

m rne Gly Gly Asn Gly Gly Asn Me: Ala 



15 



<I10> 37 

<2U> 1 

• : : : • ?rt 

Oil: * in urnar. 



20 



< ; o o > 3 *? 

Gly Gly Ser Asp Met Ala Gly 

1 5 



25 



:210> 3 5 

: 2 1 l > 4 
:211> PGT 
«2I'> human 



</,00> S3 
ily Gly Gly Ser 
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35 



:2i:> 3 9 

<211> 5 

<?.:2> PRT 

<2 12> human 

< 4 ■: C > 3 5 
ly Gly Gly Gly Ser 



40 



:21C> 90 

: 2 1 ". * 6 

=:2 11> PRT 

<2 11> human 
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< 4 J 3 > 9 'J 
;:ly Gly Gly Gly Gly Ser 
5 



50 



. > 91 



<2 12> ??.T 
<211> human 
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< 4 CO > 9 7 

r^-gccaigg :ar.::s:T: :::3:jdg::;: 

10 <21C> 95 

: i : 1 > 3 4 

; _ 1 2 > DMA 

•■: _ 1 3 > human 

15 --10C> 9 8 

qa r. caa r cta::aagcc aattgctcrg -gga 

-210- 99 

< 3 3 1 3 4 
20 - 3 3 2> DNA 

■■ .i 3 3 human 

< 400:- 99 

r)ritcaac:t.: t^acLacgct cctgr. tccrg agca 

25 

■ 210:- ICO 

- 2 12- 3 4 

■ 2 I 2 - ■ DNA 

2 13- human 

4 0 C - 1 0 0 

ga:caa icti t:a:taaagc aggacaacag gcgg 

■ 213 - 101 
35 211 ■ 48 

2 j_ " lJKA 

- 213'- human 
-.4 00 - 101 

40 gatcac-s^gt chgargarga rcgya-gcay r.gcagcggag aaaactat 

■ 213 • 102 
2 ! 1 • 4 3 

:212 - DMA 
45 '-2 2 3 * huna r; 

•:4CC > 132 

ga---a-r-it.gr cr.atDtayc: ci::ncartgy aagaccggca aigaaaac 
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50 



■Mll> 4 8 
■: 2 1 1 > DNA 
2 1 3 > hurr.a 
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< J U - 2 4 

-212 -> d:;a 

•• .'. '. • huir,an 

< 4 0 0 -> ill 

aa:caag:t: ^at:a::c: :ctcca:ac: caag 



-;210> 112 

15 < 2 2 1 > 2 31 

-:212> DNA 

2 1 3 > human 

:400> 112 

20 ccargy:agt ::a:c:t-.ca gagtgtaaga cr.gagaar.gg aaagaa::ac agagggacga 

tghccaaaac aaaaaa:.gqc a:cacctg:c aaaaatggag ctccacLtc: ccccacagac 12 

c -aga^c:c acctgctaca caccccccaq agggacrgga ggagaacuc rgcaggaatc 

cagacaacca cccgcagggg ccccggcgct atactacrga tccagaaaag agacatgac: 
actgcgacat tct tgagcgt: gaagagqaa: aa:aaaag:t ~ 



•_i: > 113 

-.ill - 3 9 

•,;.21> PRT 

:212> human 
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Men Ala Val Tyr Leu Ser Glu Cys 2ys Thr Gly Asr. Gly Lys Asn Tyr 

Arg Gly Thr Me: Ser Lys Thr Lys Asr. Gly lie Thr Cys Gin Lys Trp 
35 2 0 2 5 3 0 

Ser Ser Thr Ser Pro His Arg Pre Arg Phe Ser Pro Ala Thr His Pro 

35 40 45 

Ser Glu Gly Leu Glu Glu Asn Tyr Cys Arg Asn Pro Asp Asn Asp Pro 
5C 55 60 

40 Gin Gly Pro Trp Cys Tyr Thr Thr Asp Pro Glu Lys Arg Tyr Asp Tyr 

es 70 75 3G 

Cys Aeo lie Leu Glu Cys Glu Glu Glu 
85 



60 



1 3 0 
240 
251 
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